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FOREWORD 

This report documents an effort to expand on flying qualities design 
criteria for precision (STOL) landings. The primary emphasis "j^-thH wor^ is 
on non-powered lift, fighter-type aircraft using frontside control technique 
for longitudinal flight path control. The major thrust of this effort is, 
therefore, to be able to increase sortie generation due to bomb—damaged 
runways.x^he Air Force project engineer was, initially, Thomas J. Cord. This 
responsibrH^y was later transfered to 2Lt Steve Stürmer. The principal 
investigator w^s Roger H. Hoh of Systems Technology, Inc., Hawthorne, 
California.  ^ (tc   f ^/ 
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SECTION I 

IHTRODDCTIOH 

1. Scope 

The purpose of this research effort has been to provide data to 

expand the proposed MIL Standard and Handbook (Reference 1) to Include 

handling qualities criteria for short takeoff and landing (STOL) air- 

craft. Since STOL aircraft are unique in the approach and landing 

flight phases, the criteria development has been concentrated in that 

area. STOL aircraft are generally characterized in terns of their 

effective thrust vector orientation, that is, powered lift vs. non- 

powered lift. The handling qualities of powered lift STOLs were studied 

extensively in the 1970s, and are reviewed in Reference 3. More 

recently, a requirement: to land fighter aircraft on portions of bomb 

damaged runways by adding thrust reversing and limited vectoring has 

been identified. The current goal is to be able to accomplish landings 

In 1500 ft by 50 ft segments of such runways in visibilities of 700 ft 

and in 35 kt cross winds. STOL performance will be achieved via 

extremely precise control of the touchdown point, and thrust reversing. 

Since there are no handling qualities criteria for this type of STOL 

aircraft, the majority of this research has been aimed at the develop- 

ment of such criteria. However, the pertinent criteria and supporting 

data for powered lift STOLs (from Reference 3) have been Included for 

completeness. 

The formulation of handling qualities criteria for non-powered lift 

STOLs requires supporting data that was not available at the initiation 

of this research. While it was originally Intended to conduct a moving- 

base simulation to develop at least some substantiating data, such an 

effort proved to be beyond the scope of the available resources in this 

program. However, the Air Force was able to provide assistance by con- 

ducting a moving-base piloted simulation (albeit somewhat limited in 

scope).   An extensive test plan was developed that consisted of 
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configurations that would fill the gaps In the data base for both longi- 

tudinal and lateral handling qualities for non-powered-lift STOLs (see 

Section V and Appendix B). Several of these configurations were tested 

on the USAF Large Amplitude Multimode Research Simulator (LAMARS) by 

AFWAL/FIGC personnel (see Appendix A). In addition, the data from the 

Reference 2 flared landing study conducted by Calspan on the USAF/AFWAL 

total in-flight simulator (TIFS), was utilized. That study was oriented 

toward flared landings of large aircraft, but is useful In terms of 

identifying the fundamental requirements for precision landings. 

The proposed criteria for pitch attitude control are presented in 

Section II and the criteria for flight path control in Section III. 

Section III is divided into frontside flight path control 

(Section III-A), and backside flight path control (Section III-B). 

Sections II and III are presented in essentially the same format *s the 

current version of the proposed MIL Standard and Handbook to facilitate 

incorporation of the criteria into these documents if so desired* The 

supporting data for frontside flight path control is the main topic of 

the present research and is contained in Section IV. The configurations 

developed to fill the gaps in the data base are summarized in 

Appendix B. 

2* Background 

A recent report (Reference 3) contains a summary of STOL handling 

qualities data, HO the details of these data will not be repeated here. 

In Reference 3, STOL aircraft were classified int.» four major catego- 

ries. These were: 

1. Powered-lift STOLs which require the backside 
closed-loop piloted control technique, i.e., 
pitch attitude controls airspeed and thrust con- 
trols flight path. Examples of such aircraft are 
the NASA Augmentor Wing and QSRA, and the Douglas 
YC-15. 

2. Powered-lift STOLs that are augmented so the 
pilot can utilize the frontside control tech- 
nique. I.e., pitch attitude controls flight path 
and thrust may or may not be required to effect 

^ tf     ■*.**. W^-IfVV- ^Sl»-aa_SajLWJtM-!mJULA-MJi-5-i-ÜJ]tl 



changes In the trim airspeed.  An example Is the 
Boeing YC-14. 

3. Non-powered-lift low-wlng-loadlng STOLs. The 
De Havllland Twin Otter is such an aircraft. 

4. High-wing-loading STOLs with minimal powered 
lift. While there are no existing aircraft of 
this type, the task of landing CTOL aircraft 
aboard aircraft carriers Is similar. The fighter 
STOL mentioned above falls into this class* Such 
an aircraft will rely on extremely precise flight 
path control and large amounts of thrust revers- 
ing after touchdown* The constraints for their 
mission will almost certainly demand the front- 
side piloting techn ^ue* 

The differences between powered-lift and non-powered-llft STOLs, 

flown with the frontsIde technique, may be minimal in terms of handling 

qualities requirements. However, the lower flight speeds afforded by 

utilizing powered lift can mean lower approach speeds and sink rates, 

and less speed to dissipate once on the runway. Typical approach speeds 

for powered-lift STOLs are 60-80 kt; for non-powered-llft, high-wing- 

loading aircraft, approach speeds could be as high as 140 kt* Clearly, 

the landing task carries much greater demand on precision control for 

the CTOL-llke STOL as runway length is decreased. 

Reference 3 Identified several major shortcomings in the available 

STOL data base. The critical gaps are outlined below. 

"> Most of the STOL aircraft flown or simulated have 
been medlum-to-large transport-type aircraft 
(i.e., Class II and III In MIL-F-878SC, 
Reference 32). This applies to both non-powered- 
llft STOLs (the Twin Otter) as well as powered- 
lift aircraft (e.g., the YC-14, YC-1S, Augnentor 
Wing). Little quantitative data could be found 
for Class IV STOLs, such as the AV-8A Harrier 
(which is normally operated In a VTOL environ- 
ment). 

■» The bulk of the data were generated during the 
early-to mld-1970,s in response to Federal 
Aviation Administration interests in Airworthi- 
ness Certification for STOLs* Thus, the tasks 
and operating environments were tailored toward 



civil, rather than military operations. These 
data were obtained exclusively on moving-base 
simulators. 

• The only useful flight test data available were 
for the NASA Augmentor Wing aircraft. Again, 
this is a large, powered-lift STOL. Since the 
publication of Reference 3, the flight test 
reports for the Advanced Medium STOL Transport 
(AMST) aircraft, the YC-14 and YC-15 (Refer- 
ences 25 and 26, respectively), have been 
reviewed. However, since these were evaluation 
reports and were not intended for the generation 
of quantitative handling qualities data, their 
usefulness is limited to whatever insiguts that 
can be obtained from pilot commentary. 

• Very little of the existing data could be used to 
define Level 2 and Level 3 boundaries for flight 
path control. The civil airworthiness studies 
were concentrated in the Level 2 region (Cooper- 
Harper pilot ratings of around 4 to 5). 

• A number of STOL criteria for both flight path 
control and attitude control were available, but 
there was Insufficient data to set definite 
Flying Quality Levels on these criteria. 

• Very little work has been conducted for lateral- 
directional requirements. In Reference 3, It was 
emphasized that the CTOL requirements should 
apply equally for STOLs. However, it is likely 
that the extreme precision required for non- 
powered-lift STOLs will require Increased band- 
widths In the lateral-directional axes. 

Prom the above, the most critical areas for research can be identi- 

fied. The heaviest Interest is for non-powered-lift, fighter-type STOLs 

since there are essentially no data for this type of aircraft. Data is 

needed for all STOL types to refine proposed criteria and verify the 

applicability of existing criteria, especially for Level 2 and 3 opera- 

tions. Effects of adverse visibility and weather, and tradeoffs between 

flared and unflared landings, need to be investigated. Lateral/ 

directional handling qualities requirements must be developed. 



SECTION II 

PITCH ATTITUDE CONTROL 

1. Bequlreaeat 

The bandwidth of the open-loop pitch attitude response to the pitch 

controller shall have the following characteristics • 

Recommended limits for the pitch attitude bandwidth are given as a 

function of the parameters ofeua an<* Tn ^n pigure 1* These parameters 

are defined in Figure 2a. In addition, the subsidence ratio Xn/X,, 

defined in Figure 2b, should not exceed 0.31. An attitude command/ 

attitude hold (ACAH) response-type is recommended for STOL landings, 

although rate command/attitude hold (RCAH) is acceptable (but not ideal) 

as long as the requirements of Section III-A are met. 

.20 - LEVEL 3 

wBW(rad/sec) 

Figure 1.    Bandwidth Requirements on Pitch Attitude 
(From Reference I) 



Definition of Phase Delay 

*20M80*1800 

114.6 U|8o 

Rate Response-Types: 
wBWis lesser of vgwgaii, and6JBwphg,, 

Attitude Response-Types: 

Gain margin 
«6dB 

a) Definitions of Bandwidth and Phase Delay 

Input 
Force i 

MO 

Note: x represents appropriate 
response (q,ö,p,<^,r, etc.) 

Time (sec) — 

b)  Definition of Subsidence Ratio, X2/xi 

Figure 2.  Definitions of Bandwidth Criterion Parameters 



2. Rationale 

The bandwidth criterion (defined in Figure 2) is recommended for 

aircraft where STOL landing is a mission requirement. This Is based on 

the fact that the use of Lower Order Equivalent Systems is not possible 

with the recommended attitude command/attitude hold response-type, and 

has questionable validity for rate command/attitude hold (this is dis- 

cussed in more detail in Section IV-E). The recommended criterion 

boundaries in Figure 1 are identical to the proposed Category C bound- 

aries for conventional aircraft (Reference 1). This is based on the 

results of the Appendix A simulation as well as the flight tests in 

Reference 2 (the test aircraft was not a STOL, but the task Involved 

precision landings). This is discussed under supporting data for front- 

side flight path control (Section IV). 

A subsidence ratio requirement has been added to the ^BW« an^ Tn 

parameters from Reference I to account for the fact that a damping ratio 

of less than 0.35 can be obtained while still meeting the Level 1 bound- 

aries in Figure I. While it is extremely unlikely that an attitude or 

rate augmentation scheme would ever be designed with C < 0.35, it is 

possible that the failure of a pitch damper could cause a loss in damp- 

ing which would be caught by the subsidence ratio limit* 

Reference 3 suggested a possible relaxation in attitude bandwidth if 

the aircraft is flown backside in the flare (i.e., flare with power). 

However, while such flaring with power may be perfectly acceptable 

(Section III-B), it is felt that the integrity of the attitude response 

should be maintained for the de-rotation task after touchdown, as well 

as rotation to the takeoff attitude. 

3. Supporting Data (Guidance) 

The supporting data for this section is given in the proposed MIL 

Standard and Handbook, Reference 1 (page 178), since It is unchanged 

from the CTOL requirement. Further substantiation is given in 

Section IV (Figure 23) based on the results of the Appendix A simulation 

and the Reference 2 flight tests. 
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The Reference 2 flight tests do not, however, support the limits on 

T in Figure 1, and in fact much higher time delays (0.2 to 0.3 sec) 

result in Level 1 ratings. It is not clear whether these results are 

due to the large-airplane orientation of the Reference 2 test, or are an 

indication that the strong sensitivity of pilot rating to increasing 

time delay (approximately 1 rating per 0.05 sec of time delay, for 

which Tp is an approximation) predicted in References 4 and 5 are not 

correct. It is proposed that the current, more stringent limits on x 

be retained until landing tests with more agile aircraft are conducted. 

It does appear, however, that a relaxation on x» for large aircraft is 

warranted based on the Reference 2 results. 



SECTION III 

FLIGHT PATH CONTROL 

The piloting technique utilized for flight path control depends on 

whether the alrcrafc Is on the backside or frontslde Of the power- 

required curve, and on t' » Inclination of the thrust vector in the 

power-approach flight condition. Most "conventional" takeoff and land- 

ing (CTOL) aircraft operate on the frontslde (df/dV is negative) and the 

majority of the thrust is pointed aft, whereas powered-lift configura- 

tions tend to operate on the backside (dy/dV is positive), with a large 

portion of the thrust oriented normal to the flight path. For CTOLs, 

flight path is controlled with pitch attitude, and airspeed with thrust. 

For powered lift STOLs, thrust is used to control flight path, and pitch 

attitude to control airspeed, except for the flare, which Is usually 

accomplished with attitude. Fighter STOL configurations would tend to 

operate in a region where dY/dV - 0 and have most of the thrust oriented 

aft. Because of the aft thrust orientation, short-term flight path cor- 

rections would be accomplished with attitude, and airspeed control, as 

well as long-term flight path corrections, accomplished with throttle. 

Requirements are necessary for both the frontslde and backside con- 

trol techniques. Such requirements, along with rationale and supporting 

data, are presented in the following paragraphs. 

4. PRONTSIDE FLIGHT PATH CONTROL 

1.  Requirements 

a. The lag between flight path and pitch attitude shall fall within 
the following limits  . 

b. The angle-of-attack response to a step longitudinal controller 
input shall exhibit zero slope within the first  seconds 
from initiation of the step controller input, and shall be 
generally characterized as a step response during that period. 
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c. If Requirement b Is not satisfied, or is questionable, an 
acceptable alternative shall be to demonstrate that the band- 
width of flight-path-angle to longitudinal controller 
input, fäfM  ,  is greater than * 

d.  The magnitude of the peak flight-path-angle change following a 
step change in pitch attitude shall exceed . 

Compliance with Requirement a is to be demonstrated at the minimum 

allowable approach speed specified for the aircraft. Compliance with 

Requirements b, c, and d is to be demonstrated at the minimum expected 

airspeed at flare initiation, or at touchdown if no-flare landings are 

specified. 

Recommended limits 

a.  The recommended limits for the effective lag between pitch atti- 

tude and flight path (see Figure 3) are as follows: 

Level 1 0.38 < (l/Te,)   <        u,/' 

Level 2    0.24  <  [l/TeJ        < 

2 eff  KC + Ah2 + 1 

1.330^ 

2 e" U  + Ah2 + 1 

Where C is obtained from the subsidence ratio (Figure 2b) according to 

Figure 4, or a conservative default value of 1.3 may be used* 

K ■ 1 for ACAH response-type 

"BWe " 1/Tq 
K = ;— ...- for RCAH response-type 

"BWe + 1/Tq 

These approximations assume t - 0. 
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Figure 3. Definition of Effective Path/Attitude Lag, (1/Te0) 1  eff 
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Figure 4.    Damping Ratio of Oscillatory Transients as a Function of 
Subsidence Ratio  for Second-Order Systems 

(from Reference 35) 
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Where 1/Tq Is the numerator zero of the q/6es transfer function (see 

Section IV). 

If an equivalent short period frequency has been calculated, the 

following relationships apply: 

Level I 0.38 < [l/Te2]   < 0.77 (^p 

Level 2 0.24 < (l/Te2)   < 1.33 ü^p 

b. The short-terra angle-of-attack response should have zero slope 

within the first five seconds following a step longitudinal con- 

troller Input. Examples of acceptable and unacceptable angle- 

of-attack responses are shown in the following sketch. 

OK NOT OK 

If Requirement b is not satisfied, or is questionable, the band- 

width of tlte Flight-path-angle response to the longitudinal con- 

troller Input (where bandwidth Is defined in a manner identical 

to pitch attitude bandwidth, Figure 2a, with Y in place of 9), 

should be no less than the following: 
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LEVEL 1 

0.80 

LEVELS 2 and 3 

üJBW^ (rad/sec) 0.60 

d. The magnitude of the peak flight-path-angle response following a 

step change in attitude should be no less than the following. 

LEVEL  1 LEVELS 2 AND 3 

A6ss 
0.70 0.50 

2. Rationale 

The requirement on flight path lag relative to pitch attitude 

(Requirement a) is directed at flight path control during the landing 

approach vhere the bandwidth of the pitch attitude loop is characteris- 

tically much higher than that of the path loop. The requirements for a 

step-like angle-of-attack response, a minimum level of flight path band- 

width, and a minimum AYmax/Ae88 are all based on the requirement for 

precision touchdown. 

3. Supporting Data 

a* Plight Path Control for Landing Approach 

The limits on (l/Tg )   were taken from Reference 3.  The lower 
eff 

limit Is based on approach data from flight tests with a CTOL NT-33A. 

This data is felt to apply to STOLs as well since no unique requirements 

have been determined for STOL flight path control In the approach flight 

phase.  In fact, the results of Reference 6 indicate that the flight 

path dynamics during the approach are surprisingly non-critical, and 

that the requirements for short final and landing establish the flying 

qualities  limits.    As  noted  in Reference 3,  the lower limit 

on [l/Tg )   is equivalent to the lower limit on n/a for CTOL aircraft 
z eff 
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at 135 kts. Interestingly, the lower limits on n/o in MIL-F-8785C are 

based on a minimum I/TQ. which was converted to n/cx. 

The upper limit on (1/TQ-)   is based on experience which has shown 
1 ef f 

that the path response bandwidth should be well separated from the pitch 

response bandwidth (see, e.g.. References 18 and 36). 

Evidence to support this is given in the analysis and flight test 

results obtained by DFVLR (using an HFB-320 in-flight simulator) and 

reported in Reference 7. These results Indicate that an appropriate 

criterion parameter would be the phase angle between path and attitude 

at the short-period frequency, i.e., 

♦<Y/9)|M.(%p 

Noting that «KY/9)|a)=M - tan"! <^pTe2, a criterion on ^pTe2 , pro- 

posed in Reference I, can be easily converted to «KY/ö)!^.^ with the 

results shown in Table 1.  The upper limits on l/Tg. in Requirement a 

were obtained from the values of [<Vi>"6o)   tn Table 1, which in turn 
K * mln 

were taken from the Category C requirements in the proposed MIL Handbook 

(Reference 1). The upper limits on l/Tg» could also be considered as a 

lower limit on i^p. This, of course, is a direct consequence of the 

physical interpretation of ^pTe« as a measure of path/attitude conso- 

nance. More specifically, when controlling flight path with pitch atti- 

tude, the pilot desires that the path response lag the attitude 

response. Unfortunately, there 1« not a great deal of data to document 

this particular aspect of the pilot-centered requirements for path con- 

trol; that is, very few experiments Include configurations where I/TQ« 

is nearly equal to or greater than (i^n. For now we mist rely on 

Reference 7 as well as undocumented pilot commentary from various 

sources to support the path/attitude consonance requirement; however, 

our rationale leads us to avoid a situation where l/Tg. > o^p. This 

conclusion was reached Independently by other researchers (i.e., 

References 7 and 8) but not by those using fixed base simulation. This 

suggests that the requirement for l/Tg, < "fep Is * result of aircraft 

motion. 
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TABLE 1.  CONVERSION OF cdgpT^ TO A PHASE ANGLE CRITERION 

CATEGORY LEVEL 
(Reference 1) 

MAXIMUM ALLOWABLE 

HY/e] u^p (deg) 

A 1 
2 

1.6 
1.0 

-58 
-45 

B 1 
2 

1.0 
0.58 

-45 
-30 

C 1 
2 

1.3 
0.75 

-52 
-37 

The phase angle criterion In Table 1 would be applicable as an 

alternate to the upper limit on [I/TQ-]   for Interpretli.g simulator or 
* eff 

flight test results. 

The proposed criterion is written in terms of ü^y« (Instead of u^p) 

as a matter of convenience to the user. Ugug is related to (t^p by the 

following relationships (see Reference 9, page 210): 

KCsp + / KZCg 2 ^ f 

1 for ACAH response-type 

««We " 1/Tq 
.•i-   for RCAH response-type 

Combining these values with the Category C limits on (bfepTe,) M 

from Table 1 yields the specified upper limits on [I/TQ.]  . The rela- 
* eff 

tionship between ugg. ..nd u^p involves the damping ratio which can be 

obtained from the subseq> ence ratio ^/Xi in Figure 2b), or a conserve- 

tive   default value   of    1.3   may   be   used.      The   parameter 1/T     is   the 

numerator  of the  pitch  rate  response which is simply  the ratio of  the 
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attitude (or Integral of rate) to rate gain (Ke/Kq).  This Is further 

clarified In Section IV. 

Determination of (l/Tg.)   requires a frequency sweep and subse- 
1 eff 

quent manipulation of the data using Fast Fourier transforms. An alter- 

native (and much simpler) approach Is to utilize the linear relationship 

between the rise time In Y following a step change In 6, and [I/TQ.) 
L eff 

defined in Reference 3 and shown In Figure 5. 

b. Flight Path Control for Precision Landings 

The proposed requirements for precision landings (b, c, and d) are 

new, and represent a substantial portion of this research effort. 

Therefore, an entire section of the report (Section IV) has been allo- 

cated to the development of the precision landing criteria. 

B. BACKSIDE FLIGHT PATH OOHTIOL 

The requirement, rationale, and supporting data presented in this 

section are taken from Reference 3 with some minor modifications. 

1« Bequlrement 

The short-cera flight path response to designated flight path con- 

troller inputs shall have the following characteristics: . 

Recommended values; Effective rise time, t^ , and overshoot 

ratio, Af^ax/AYgg, following a step change in designated flight path 

controller, should be within the Level 1 boundaries of Figure 6. There 

are insufficient data to define the boundary between Level 2 and 

Level 3» Aircraft which fall outside the Level 1 boundaries in Figure 6 

should be required to have Level 1 vertical axis response to attitude 

changes, i.e., they should meet the requirements of the previous subsec- 

tion (III-A). 
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a) Definition of y/0 Time Response Parameters 
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^ Relationship Between (l/Tffg )     and Rise Time 

for Typical Powered-Lift STOLS 

Figure 5.    Conversion of Effective Path/Attitude Lag 
to a Time Response Parameter 
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tRyT(sec) 

Figure 6» Level 1 Limits for Short-Term Vertical Axis Response 
to Step Input of Designated Flight Path Controller 

2. Rationale 

This paragraph is applicable to aircraft equipped with a designated 

flight path controller other than pitch attitude. The form of control- 

ler is irrelevant; STOL designs have used spoilers, flaps, nozzle vec- 

toring, and throttles to provide flight path control. Throughout these 

requirements the controller will often be described as "throttle" for 

convenience, since "designated flight path controller" is unwieldy. The 

use of "throttle" to represent the flight path controller should not be 

construed to indicate any preconceptions as far as specific design. 

It would be expected that a designated flight path controller will 

be required for most powered-lift aircraft because: I) a significant 

component of the thrust vector is vertical, and/or 2) the aircraft oper- 

ates well on the backside of the power required curve. 

Separate criterion boundaries are specified for Landing and Approach 

in Figure 6.   Aircraft with flight-path-to-throttle characteristics 
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which meet the approach boundaries, but not the landing criterion, are 

expected to meet the criteria for precision landings with pitch attitude 

in Section III-A-b. 

The most important short-term requirements for the designated flight 

path controller are rapidity of response and effectiveness in changing 

the flight path. Rapidity Is defined here in terms of rise time, tjj _, 

and overshoot ratio, Alfoax/^Ygs, determines how well the commanded 

flight path change stabilizes in the short term. Figure 7 Illustrates 

how tR and A^x/AYgg are defined. Note that tR _ is identical to the 

parameter tQ^^y of Reference 10, and that it is related to the band- 

width of h/Sf (normal pitch SAS on) as defined in Figure 8. Figure 9 

shows the relationship between ^BWUT an^ tRYT ^or t^e data of 

References 6 and 11. This figure may be used to convert the Figure 6 

requirement to ^BW.™ vs* ^^max/^ss» ^  desired. 

ST(%) 

0 time (sec) 

Note: Pitch attitude controller is free during response 

Figure 7. Definition of Y/&r Time Response Parameters 
(Pitch SAS Active) 

20 

mmmm&'m 



XIX 
•Kl     J 

S, 20     _ 
dB 

D       _ 

(deg) 

a — 

xoa   —: 

ao     w(rad/sec)     xjao 
I i 

-20a   

Figure 8. Definition of h/Sj  Frequency Response Parameter 
(Pitch SAS Active) 

wBWhT = -67 l/TR 

O  Reference II 
□   Reference 6 

.50 .75 

l/TRyT( l/sec) 

Figure 9.    Relationship Between Throttle Bandwidth and 
Rise Time for Typical Powered-Lift STOLs 
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The limits of Figure 6 reflect pilot acceptance of less precise 

flight path control (i.e., more overshoot) during the approach than for 

flare and landing. For flare, large path overshoots generally lead to 

high workload and touchdown dispersions. The dashed lines on the 

Level 1 boundaries reflect uncertainty (primarily due to a lack of data) 

in setting a lower limit on tg-. It is certain that the excessive 

abruptness consistent with tR^ ■>• 0 would be unacceptable to the pilot. 

However, the lower limit on tR._ in Figure 6 is not based on any exist- 

ing data and should be the subject of piloted simulation or flight test 

experimentation. 

3. Supporting Data 

The requirements proposed for backside flight path control are taken 

from Reference 3. Supporting data is developed extensively in 

Reference 3 and is presented herein in a slightly abridged form. 

a. Approach Data 

An extensive review of configuration characteristics and pilot com- 

ments from References 6 and 10 through 13 (discussed extensively in 

Reference 3) shows that, with only one exception, all the aircraft 

tested were flown using STOL technique (h ■»• Sj, u ■♦■ 9) on final 

approach. This was to be expected, since all these aircraft represented 

powered-lift designs. The single exception was a simulated aircraft 

with an effective horizontal thrust inclination and adequate path/ 

attitude bandwidth (Reference II) — i.e., a non-powered-lift CTOL-tyoe 

airplane. It should be noted that many of the Reference 6 configura- 

tions were on the frontside of the power requirer* curve, but that the 

pilot still utilized the STOL technique for flight path control. This 

was primarily because of the large thrust incllmtion angle that renders 

throttle ineffective as a spaed controller. r. fact, a review of the 

pilot commentary reveals that speed/path coupling was actually adverse 

in many cases, i.e., speed decreased with a power addition. Path/speed 

coupling is further discussed in Reference 11. 
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One measure of the extent of aowered lift is the effective thrust angle, 

Orj,, given by 9^ = tan~^(--j—),  X* , Z*  in stability axes.  Thus 

9T = 90 deg is a purely vertical component.   The parameters to _ 

and Ay  /&V  can be related to 9u.  Figure 10 shows the generic effect 'max  'ss -jo o 
of 9^ on flight path response. As this figure suggests, sluggish rise 

time (tD _ large) is often associated with relatively horizontal thrust 

inclination, while overshoot i^maxf^ss > *) occurs as a result of 

relatively vertical thrust inclination. 

Figure 11 is a summary of the ratings from References 6 and 10 

through 13. The test conditions, vehicles flown, and facilities are 

described in detail in Reference 3 and are summarized in the following 

table. 

REF TEST FACILITY AIRCRAFT 

13 FSAA (Simulator) BR941S 

12 FSAA Augmentor 
Wing 

6 S-16 (Simulator) Generic 
Powered- 
Lift 

VARIABLES 

Uo» Yo» au0» Transparency 

V V Wlnd8B Ti ENGINE 

V V V %' Wind8 

11 

10 

Princton VSA 
(Flight) 

FSAA 

Augmentor Wing 

Navion 

Generic 
Powered- 
Lift 

AWJSRA 

aUg» Winds, TENGINE 

v 'w' % 

The flight test data on Figure 11 have poorer pilot ratings than the 

simulations. The reasons for this are not fully known, although it is 

possible that the overall flight test environment (which almost always 

included some winds and turbulence) was more severe than the simulated 

environments. This degradation in pilot ratings in flight test was 

found in Reference 6, where similar configurations were evaluated in 

both environments (compare simulator and Navion data on Figure 11). 
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0T=O 

( Purely Horizontal 
Component) 

^MAX 

0T=45deg 
^MAX 

öT = 78.9deg 
(No Net Speed 

Change ) 
'MAX 

eT = 90 deg 
(Purely Vertical 

Component) 
'MAX 

eT = 97.4 deg 
(No Net Flight Path     yMAX 

Angle Change) 

0T = 106.7 deg Y 

'MAX 

Figure 10. Shape of yResponse to Step 6T for Varying eT 
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It Is Important to remember that the proposed MIL Handbook 

(Reference 1) allows a degradation in pilot ratings due to turbulence; 

for example, the Level 1 limit drops from 3-1/2 to 5-1/2. Therefore a 

rating of 5 in moderate turbulence is equivalent to a 3 in calm air. 

This two-point shift is supported by the data of Figure 11 (where pilot 

ratings below the symbol are with turbulence). 

There is considerable scatter in the ratings shown in Figure 11. 

For example, in one case Level 1 pilot ratings were given to a configur- 

ation with an extremely sluggish response (t»_ =6.5 sec). This is 

explained by the good short-term path/attitude characteristics of this 

configuration [[I/TQ.-)   = 0.75 rad/sec;   Configuration  BSL2   from 
1  eff 

Reference 6].  The pilot comments for BSL2 verify that the pilot used 

throttle for basic path control, but relied on pitch attitude for quick- 

ening the path response. In fact, the primary reason the pilots stated 

that they used the backside technique on this configuration was that the 

thrust inclination was nearly vertical, making it impossible to control 

airspeed with power. 

The boundaries drawn are based on a combination of the data shown, 

and on what previous researchers have recommended. For example. 

Reference 10, using most of the same data, suggested to _ less than 

3 sec. The AMST specification (Reference 16) defined the rise time for 

reaching 90 percent of steady-state, and set the limit at 5 sec for 

flight at the minimum operational speed. For a typical h/fi-i1 response 

this would be equivalent to t^ _ of approximately 2.8 sec. 

Data from Reference 15 are given in Figure 12. These data are from 

an FSAA simulation of the Augmentor Wing with variations in Xu, X , and 

df. The data were not included on Figure 11 because the task in this 

experiment only included ILS tracking — a relatively undemanding task. 

This is reflected tn Figure 12 where the Reference 15 data are compared 

with the proposed boundaries. The fact that Level 1 pilot ratings were 

given to configurations with very sluggish response characteris- 

tics (to _ • 5) emphasizes the fact that the visual portion of the 

landing task on short final and In the flare Is mich more demanding than 

the ILS approach (see discussion In Reference 6). Regardless, the data 

are still worth considering, and support at least the ^YmaxMYss limit. 
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5- 

Ar. 
max 

8/6-7 
O 

Cooper-Harper Pilot Ratings 
(Pilot A/Pilot B) 

1 

4.S/4.5 
O 

ZZüt JJ%( M4 
LEVFL    4r4.5 

% 

Boundaries from 
Figure II 

3^   3-3.5/4.5 

2.5/2.50    / *£$&** 2.5/2.5   /       , . .,,  ,.. 
3.5/^0    03/4   37*.r>-N3.5-j4/4     3-3-5/3J.5/4 _L -QD-A ti- 

tRyT (sec) 

Figure 12. Pilot Ratings for ILS Tracking Task with Simulation 
of Augmentor Wing; Calm Air (Reference 15) 
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Figures 11 and 12 lack sufficient data to support a Level 2 limit in 

either rise time or overshoot, and thus there is no such limit in the 

Figure 6 requirement. 

b.  Flare and Landing 

There is a substantial amount of data that indicates that the use of 

throttle to flare can result in Level 1 handling qualities. For exam- 

ple, all of the data in Figure 13 are for configurations where the 

pilots noted that flaring with pitch attitude was not possible (see 

Reference 3 for more detail). There is somewhat stronger support for 

the Level 1 limit here than in the approach flight condition. This is 

probably attributable to the fact that there was less time to correct 

for responses that were sluggish or had overshoot in the flare maneuver; 

i.e., landings require more precision than approaches. This important 

result has been observed during all approach and landing experiments, 

STOL and CTOL, and Is discussed in detail in Reference 6. The ratings 

suggest much less tolerance for overshoot, as one would expect* There 

is Insufficient data to define a Level 2 boundary. 
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6/6/8/5,5 
Q 

4,6/6.5/8/6,8 

2.5 

C.5/5 

A 

AX 
mo« 
ss 

1.5 

O Reference il -8T-Only Flares 
(Pilots A/B) 

□ References -Simulator 
(Pilots 1/7/8/9) 

Reference 6 - Navion 
(Pilots 1/3, High Gain SAS) 

Reference 10 
(Pilots A/B) 

^ Reference 14 

Ö' QSRA Pilot A (Reference 10) 

PR (calm air) 

0 
PR (turbulem») 

.  5/5/-/5(^65/5-5 

5,6/6.8/7.5/8 "',0 

4/3.5,4 

tRyT(sec) 

.5/4 

66/5 

Figure 13.    Pilot Rating Data for Flare and Landing with Throttle 
(from Reference 3) 
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SECTION IV 

DEVELOPMENT OF PRECISION LANDING CRITERIA 

A. DATA SOURCES 

The data utilized to develop and substantiate the proposed require- 

ments (Section III-A) consisted of a recent In-flight simulation of 

flared landings using the USAF/Calspan Total In-Fllght Simulator (T1FS, 

Reference 2), and a moving-base simulation of STOL landings conducted on 

the USAF Large Amplitude Multlmode Research Simulator (LAMARS) (see 

Appendix A). The data from a fixed-base simulation of fighter STOL 

landings (Reference 17) were also considered, but not analyzed exten- 

sively as the details of the dynamics of the configurations (transfer 

functions) were not available. A second TIFS approach and landing study 

was conducted as a follow-on to the Reference 2 experiment. These data 

are discussed only briefly as they were unofficially received (in raw 

and incomplete form) Just as this report was being completed. 

B. PILOT-VEHICLE ANALYSIS 

In this section, the well-developed theories of pilot-vehicle analy- 

sis and the associated crossover model are applied to formulate poten- 

tial parameters to predict handling qualities for precision landings 

with pitch attitude. Piloted control of flight path has been studied 

extensively using both the series and parallel pilot models shown In 

Figure 14. The detailed characteristics of attitude and flight path 

control for series and parallel pilot models is analyzed in 

Reference 18, which shows that, from a purely dynamic standpoint, the 

series structure is preferred if lead is required to stabilize pitch 

attitude, and the parallel structure is best if lag is utilized by the 

pilot in the attitude loop. Some other factors that determine which 

structure the pilot actually adopts are: 

• the required bandwidth« of the attitude and path 

loops. If u^wa » "^Uv the Pilot I8 raore likely 
to adept a series strategy than if «%WQ « u^Uy* 
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Figure 14. Series and Parallel Forms of the Pilot Model 
for Piloted Path Control 
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• the pitch attitude augmentation, e.g., the amount 
of stabilization that must be supplied by the 
pilot. If attitude is inherently well stabi- 
lized, the pilot may be prone to closing the Y 
loop directly, with only Intermittent attention 
to attitude control. 

• the flight path response to longitudinal control- 
ler. If the Y/5 response does not require sig- 
nificant equalization, the pilot will be more 
prone to controlling y directly (parallel) rather 
than through 8 (series). 

The key parameters that govern the flying qualities for approach and 

landing depend, to some extent, on which form of the model is assumed. 

Therefore, the approach taken herein has been to attempt correlations 

with the pilot rating data with variables that derive from both the 

series and parallel forms of the pilot model. Before proceeding with 

these correlations. It is necessary to develop the generic characteris- 

tics of attitude and flight path control for the most common types of 

attitude augmentation, i.e.- 

• Conventional response with improved dynamics, 
i.e., angle-of-attack plus pitch rate feedback. 

• Rate command/attitude hold (RCAH). 

• Attitude command/attitude hold (ACAH). 

Conventional attitude and flight path response characteristics are 

obtained when angle-of-attack and pitch rate are employed as feedbacks. 

The pitch attltude-to-longltudinal controller transfer function for such 

conventional responses is given as (see References 19): 

^e7 r^p^n^sp^pi 

Notation:     (l/T)  + (s + 1/T);   UaiJ  ■»■ [s2 + 2C<»)s + a)2] 
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Virtually all existing fly-by-wire aircraft (for example the F-16, 

Space Shuttle, X-29) utilize a rate-command-type augmentation with a 

parallel integrator In the forward loop, which provides an attitude sig- 

nal to supply the required stiffness, and attitude hold. A block dia- 

gram and generic root locus plot for a statically unstable aircraft, 

showing the effect of increasing the loop gain on the closed-loop roots 

for RCAH augmentation, is given In Figure 15. When the gains are suffi- 

ciently high, so that the poles effectively drive into, and therefore 

cancel, the zeros, the aircraft is referred to as being superaugmented 

(see Reference 20). It is noteworthy that the dominant second-order 

pole (w1) circles the I/T zero so that the pitch attitude bandwidth is 

set by 1/Tq. 

Attitude command/attitude hold (ACAH) represents a viable, albeit 

less popular, augmentation scheme. The generic system survey character- 

istics of the loop closure for ACAH are IPustrated in Figure 16. 

The angle-of-attack and flight path angle responses resulting from a 

change in pitch attitude are well approximated as follows: 

a .     l^p^l 
"S " (l/T^jU/Te^ 

I • ZoeU/TYl)(l/TY2)(l/TY3)    . 1 
9 ' "oHfiU/Te^U/T^J "   W^J 

Using these approximations the 8/5e8, Y/^es» 
an^ a/^e8 transfer func- 

tions can be approximated with the results shown In Table 2. The 

generic characteristics of the frequency and time responses of attitude, 

ft 
The effect of  1/TV, and  1/TV accounts for Z« . This can be an 

Y2       Y3 öe 

important effect and Is ignored here only to allow a comparison of dif- 

ferent response-types. (See Section IV-D for a more detailed discus- 

sion.) 
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flight path antfle, and angle-of-attack for nach   of the augmentation 

schemes discussed above are presented in Figure 17. 

The following observations can be made from Figure 17 regarding 

flight path control with pitch attitude. 

• The slopes of the Y and 9 frequency response asymp- 
totes are equal below 1/Te2. and differ by 20 dB/ 
decade (Y lags 9) above l/Te? for all attitude 
augmentation schemes, i.e., Y/9 = 1/(TQ-S + 1). 

• The bandwidth of 9/6es depends on u' and I/TQ« (or 
1/T for RCAH). 

• The bandwidth of Y/^eg depends on: 

Ugp for conventional response-type (Figure 17a). 

~ ü)'  and (1/Tq - 1/TQJ  for RCAH  (Figure 17b). 
Note that Y/oes is K/S

2
 between l/Te- and 1/T . 

~ w' and l/Te, for ACAH (Figure 17c). 

• The angle-of-attack response to a step pitch con- 
troller input looks like: 

— a step for conventional response-types. 

— a step for RCAH response-types when 

1/T92 -  1/Tq. 

— a ramp for RCAH response-types when 
1/T92 « 1/Tq. 

— a step with some initial overshoot for ACAH 
response-types. 

The attitude .ind altitude bandwidths (<«>Bwa and Ujju) used in this 

report are based on the definition established in References 1 and 3. 

That is, the bandwidth is defined as the frequency at which the phase 

margin is 45 degrees or the gain margin is 6 dB, whichever is less, see 

Figure 2. The basis for this metric is that It is representative of the 

maximum frequency (or equlvalently maximum gain) at which the pilot can 

close the loop without threatening stability, with zero lead equaliza- 

tion. This definition of bandwidth, when applied to pitch attitude, 

correlates the pilot rating data very well in References 1 and 3, but 
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Figure 17. Generic Characteristics of Common Airplane Response Types 
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was shown to be somewhat unsuccessful in the flared landing study of 

Reference 2. Reference 2 represents the first set of flight test land- 

ing data where the attitude and flight path responses were systemati- 

cally varied. In Reference I, the flight path response characteris- 

tics (I/T9-) were unchanged for each set of data so that pitch attitude 

bandwidth correlated the data from any one experiment. Not surpris- 

ingly, it is necessary to account for the bandwidth of the attitude and 

altitude loops to correlate data in experiments where both of these var- 

iables are varied, such as Reference 2. This approach was taken in 

developing handling qualities criteria for STOL aircraft in Reference 3, 

where the parameter (l/Te„)   was suggested as representative of the 
1 eff 

path control bandwidth based on the series pilot model (Figure 14). 

Both attitude and path control were taken into account in Reference 21 

(an analysis of the Reference 2 data) where a constant 25° pilot atti- 

tude lead equalization was assumed to form the inner loop closure, and 

the outer loop bandwidth (Neal-Sraith definition) was used as a correlat- 

ing parameter with good results. 

Based on the generic Bode asymptotes in Figure 17, and the series 

and parallel pilot models in Figure 14, the following parameters were 

picked as potential handling qualities criteria for precision flare and 

landing* 

• u)gWQ — This parameter defines the bandwidth of 
the attitude loop (see Figure 2) and has a direct 
influence on the bandwidth of the path control 
loop for the series or parallel pilot model 
(i.e., is a strong function of u*). 

• I/T62 — Defines the lag between attitude and 
flight path as shown by the following approxima- 
tion (assuming M5  is large compared to Z5 ): 

"0 6S 

Y 
9    T^s + 1 

For cases where the above approximation does not 
hold, an effective value of 1/192 was defined in 
Reference 3 as the frequency where Y lags 6 by 
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45 deg, (l/T92)eff.   This  was  Illustrated  in 
Figure 3, taken from Reference 3. 

• "'BWY — Defines the bandwidth (Figure 8 defini- 
tion) of the flight path response to longitudinal 
controller inputs. This parameter is most physi- 
cally significant when the parallel pilot model 
is employed, i.e., pilot controls Y directly 
with 6es rather than through attitude, see 
Figure 14. 

• (l/Tq - 1/Te2) — Defines the region where Y/^es 
is K/s2 if I/T82 < l/Tq. Based on the crossover 
model defined in pilot-vehicle analysis theory 
(see for example Reference 22), the pilot equal- 
ization will consist of a lead at I/T92 and a lag 
at l/Tq where the quasi-linear pilot model 
assumed is: 

-Tn8 (TL8 + 0 
Yn = K„e P lP    •VPC    (T^ + I) 

Reference 22 indicates that the pilot will always 
equalize so that Y/öes ■ K/s, and If this 
requires a lead zero (l/T*) at less than I sec. 
Level 2 pilot ratings are expected to occur. 

Shape of the a response — The existence of a 
region of K/s2 In the Y/äes response corresponds 
to a region of K/s in the a/6es response (see 
Figure 17b). In the tine domain, this represents 
a monotonlcally Increasing response to a step 6e8 
input. Therefore, if the angle-of-attack ramps 
in response to a step longitudinal controller 
input, a significant region of K/s2 in the Y/^es 
response is indicated; whereas if o responds as & 

step, Y/^es ha8 •:he desired K/s shape in the 
region of piloted crossover. These characteris- 
rics are shown generlcally In Figure 18 for 
several values of l/Tq and I/T9«. The long-term 
ramping is due to the phugoid ana is of no conse- 
quence unless the phugoid frequency is unusually 
high. If 1/Te2 Is large (say greater than 1.0), 
the region of K/s2 will occur above the crossover 
region for path control (about 0.3 to 1.0 rad/ 
sec) and will be of little consequence* Inter- 
estingly, the short-term a response also looks 
like a step for such cases regardless of l/Tq 
(e.g., Figure 18b).   In summary, a step-like 
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short-term a response appears to be a good indi- 

cator that Y/^es *-8 t^16 desired K/s in the region 
of piloted crossover for flight-path control. 

C. CORRELATIONS WITH PILOT RATING DATA 

The physical implication of the series pilot model is that the pilot 

uses pitch attitude, 9, as a controller for flight path angle, Y» 

Figure 14. On this basis, it would be expected that the handling quali- 

ties for precision flight path control tasks would depend on good atti- 

tude control, 9/5es, and a rapid path response to changes in pitch atti- 

tude, Y/9. The STOL handling qualities criteria proposed in Reference 3 

are based on this premise and involve limits on the pitch attitude band- 

width, («JBWQ, and effective flight path lag, [I/T9-)  . The pilot rat- 
0 ' eff 

ing data from the Flared landing experiment performed on the TIFS 

(Reference 2) is plotted on a grid of ugy. vs. (l/Tg-j in Figure 19. 

These parameters do not provide an obvious separation between regions of 

good and bad pilot ratings. It is notable that the cases with a mono- 

tonlcally increasing response to a step 5 (filled symbols) are consis- 

tently rated poorly, a clue that the pilot is interested in the Y/5e8 

response without an Inner attitude loop closure. Recall that Y/600 is 

K/sz in the region of piloted crossover if the short-term o response to 

a step 6es is roonotonlcally increasing during the first five seconds. 

The angle-of-attack responses for all the Reference 2 configurations are 

sketched in Figure 20. 

Based on the poor correlation with (l/Tg,)   and noting that the 
L eff 

pilot must be able to quickly stabilize pitch attitude (i.e., both wgu 

and a>Rtfa are important), the pilot ratings were plotted on a grid 

of "BWv VS* "BWn wit,, the re8ults shown in Figure 21. With only a few 

exceptions, these parameters separate the Level I and Level 2 configura- 

tions. Other important observations from Figure 21 are: 

• UBWy Increases monotonically with UBVta ^or cases 
where Y/5es is K/s In the region of piloted 
crossover (0.3 to I rad/sec) (open symbols). All 
of these cases have a short-term step a response 
to a step 5es input (see Figure 20). 
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• Cases with a K/s2 frequency response In the 
region of piloted crossover (solid symbols) 
exhibit lower WßW-f an^ degraded pilot ratings. 
All of these cases have a short-term ramp-like 
(or monotonically increasing) response to a 
step 6es input. 

• Changing from RCAH to ACAH (square symbols) at 
essentially constant Uß^g results in an increase 

in f^Wv (note tliat adding a fourth "one" to the 
configuration number designates an ACAH response- 
type, i.e., configuration 6-2-1 is RCAH and 
6-2-1-1 Is ACAH). Except for one case with a 
very low ^WQ» a^ the ACAH cases are rated 
either Level 1, or barely Level 2 (HQR = 4). 

A moving-base simulation experiment was conducted by the USAF Flight 

Dynamics Lab (FIGC) on the Large Amplitude Multlmode Research Simulator 

(LAMARS) in direct support of the research reported herein (the config- 

urations were selected from the test plan in Section V). The simulation 

task consisted of approaches to a 130-ft by 1500-ft runway with an 

approach speed of 130 kts — representative of a nonpowered-lift fighter 

STOL concept. The cockpit resembled a fighter aircraft, and the pilot 

was supplied with a head-up display (HUD), which included an inertial 

velocity vector symbol (i.e., flight path angle was displayed directly 

to the pilot). The pilots were instructed to minimize the flare during 

landing and the performance limits for longitudinal touchdown location 

were plus or minus 75 ft (desired) and plus 150 ft or minus 100 ft (ade- 

quate). The resulting pilot rating data are plotted on a grid of ^Wg 

vs. Wßw in Figure 22. The results agree quite well with the 

Reference 2 data In Figure 21, and all of the conclusions drawn above 

are equally applicable here. 

Once a K/s response In Y/ö is assured (i.e. , a is essentially a 

step for the first 5 sec following a step longitudinal controller input) 

for the data examined in Reference 2 and Appendix A, the pilot rating 

data correlate quite well with pitch attitude bandwidth, ^Wa» a8 

Illustrated in Figures 23b and 23c where all such cases are plotted on a 

grid of '^WQ vs. pilot rating. 
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While the pilot rating levels are quite well separated in 

Figures 21, 22, and 23, there are some anomalous points which are dis- 

cussed below. 

• Configuration 4-3-7 (from Reference 2) was rated 
a 7 by Pilot B, and falls in a region of pilot 
ratings of between 2 and 3 in Figure 21 
(ü^We = 2.5 rad/sec, (^ = 0.8 rad/sec.) Pilot 
B also rated configuration 1-3-7 (below 4-3-7) a 
7. These configurations are very similar in that 
they only differ by a lead/lag prefilter designed 
to cancel the effects of the 1/Tq and 1/Tea 
separation (effectively eliminating the K/s* 
region in y/ües)' Since I/TQ = 1.0 and 
1/Tq = 2.0 we would expect very little effect due 
to this prefilter. This is supported by a strong 
similarity in the 9, a, and y time histories as 
well as close values of ^Wa an^ '"feWv* ^ ^8 

suggested in Reference 2 that configuration 4-3-7 
be considered an anomalous point as it "falls way 
out in left field" with all criteria attempted. 
It would seem that either both of these evalua- 
tions by Pilot B are valid, or both are invalid. 
Since both of these configurations hc?ve K/s2 

asymptotes in Y/5es. between 1.0 and 2.0 rad/sec 
(l/Te2 and 1/Tq), it is suspected that Pilot B 
utilizes a more aggressive path tracking tech- 
nique in the flare than that of Pilot A (who 
rated 1-3-7 a 3 and 4 and did not fly 4-3-7). 
Based on this interpretation, the final criterion 
should require a K/s asymptote in Y/^es out to 

1.5, or even 2 rad/sec to accommodate pilots such 
as Pilot B. Interestingly, both of these config- 
urations exhibit a distinctly non-step-like 
short-term a response to a step 5es input (see 
Figure 20). 

• Pilot A's evalution of configuration 8-2-5-1 
(ü^yQ - 1/2 rad/sec, u^u - 0.6 rad/sec on Figure 
21) (HQR=7) was considered invalid by the safety 
pilot due to pilot technique. However, as noted 
on Figure 23c, the pilot comments were consistent 
with a low pitch attitude bandwidth, which is 
certainly a feature of that configuration. A 
review of the same pilot's comments for 8-3-5-1 
(HQR"3) reveals impending problems with control 
of attitude and flight path, albeit still good 
enough to be Level 1. These results are 
Interpreted to mean that attitude bandwidth 
approaches a limiting value in the region of 1.2 
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to  1.3 rad/sec  for 
Figure 23c). 

ACAH response-types  (see f 

• Configuration 6-1-1-1 is rated as a 3 but falls 
in a region of Level 2 ratings in Figure 21 
(o^y. = 1.9 rad/sec, ^Wy * ^'^ rad/sec). How- 
ever, It has a step-like short-term a response to 
a step 6es input and would pass a criterion based 
on that rather than flight path bandwidth. In 
addition, the Bode asymptotes are K/s from 0.38 
to 2.27 rad/sec, i.e., well beyond the region of 
piloted crossover. 

The fact that (I/TQ )   does not correlate the pilot rating data 
1  eff 

for the precision landing tests in Reference 2 and Appendix A does not 

eliminate it as an important flying qualities parameter. Clearly, it is 

important when the pilot adopts a series strategy such as for ILS or 

visual glide slope tracking. In this case, the bandwidth of the inner 

attitude loop is much greater than that for the outer path loop (1.5 to 

2 vs. approximately 0.3 rad/sec). Such a wide separation in frequency 

allows the pilot to spend most of his time on attitude with occasional 

corrections in flight path resulting in an effectively simultaneous clo- 

sure. That is, the dynamics or the flight path response are effectively 

in the presence of a closed attitude loop. If the bandwidth of the 

flight path loop approaches that of the attitude loop, the pilot will 

have a difficult time simultaneously closing both loops and will proba- 

bly pay attention to attitude only as required for stabilization. The 

generic effects of flight path control with and without an inner atti- 

tude loop closure are shown in Figure 24.  The shape of the Y/6  fre- 
GS 

quency response Is always K/s In the presence of a continuous attitude 

loop closure, because it is equivalent to an ACAH response-type where 

the pilot supplies the attitude feedback. Clearly, the pilot will close 

a continuous attitude loop whenever possible, but in some cases, this 

may be beyond his capability.  Hence it is important to require Level 1 

values of WßWv-5B5L l^^Q-j) 
i        ■' eff 
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0.  FOSWIATION OF CRITERIA 

Based on the data correlations discussed above, the flight path con- 

trol criteria for precision landings should have the following essential 

features. 

1. The Y/5es response should be K/s in the region of 
piloted crossover for flare (on the order of 0.5 
to 2 rad/sec), and should have adequate band- 
width. 

2. There must be adequate energy available to modify 
the flight path with pitch attitude (this has not 
been discussed here, but it is an obvious 
requirement, as described in Reference 10). 

3. Ideally, the attitude response-type should be 
attitude command/attitude hold. 

4. The lag between  attitude  and flight  path 
(l/TSo)   miat  not be excessively large. 

' eff 

The first of these requirements is generally satisfied If the bandwidth 

of the attitude-to-longitudinal controller is at least 2.5 rad/sec and 

the short-term (five seconds) angle-of-attack response to a step longi- 

tudinal controller input is a step (see Figure 23). This form of the 

criterion results in very good correlation with the Reference 2 and 

Appendix A pilot rating data as illustrated in Figures 23b and 23c. 

Based on comparisons with the generic variations in the angle-of-attack 

response with the shape of the Y/500 frequency response (see, for exam- 

pie. Figure 18), it appears that the step response in a should reach 

zero slope (a = 0) In less than five seconds. The criterion is worded 

to reflect this by requiring zero slope in less than five seconds in 

addition to exhibiting the general characteristics of a step response in 

that time period. Possible deficiencies in this criterion are that bor- 

derline cases (nearly zero slope) could be acceptable but fail the cri- 

terion (such as the case with l/T - 1.5 and i/To« » 1 in Figure 18b), 

or an unusual Y numerator zero could result in a lack of correspondence 

between the step a time response and the -20 dB/decade slope in the 

Y/6 frequency response. Both of these deficiencies would be clrcum- 

vented by specifying a minimum level of Uny .  For this reason ufow is 
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specified as an alternate criterion. It Is not specified as the primary 

criterion because It tends to be overly conservative, and because it is 

significantly more difficult to measure than the angle-of-attack time 

response to a step longitudinal controller input. 

A Level 1 limit of MJM > 0.8 rad/sec was established (for the 

secondary criterion) based on the data in Figures 21 and 22. While it 

was tempting to specify a lower value of «^v/y ^or attitude command/ 

attitude hold (ACAH) than for rate command/attitude hold (RCAH), such a 

relaxation would only be supported by two data points (Configura- 

tions 6-1-1-1 and 8-3-5-1). Specifying a step a response (as the pri- 

mary criterion) circumvents this issue to some extent, although it shows 

up indirectly in the specification of the minimum pitch attitude band- 

width. That is, the data correlations in Figure 23 would support a 

lower "IBWQ for ACAH than for RCAH (and UßWv ^s a faction of UßWa a8 

long as the a response is a step). 

The effect of an unusual Y numerator is discussed in the following 

subsection. 

The change in pitch attitude required to accomplish the flare (or 

flight path corrections for no-flare landings) should not be excessive, 

and minimum acceptable values may be derived from the Reference 10 data 

repeated in Figure 25. If no-flare landings are specified, acceptable 

pilot ratings would be expected for somewhat reduced values 

of AY max/A8ss* However, such a relaxation is not recommended since 

substantiating data Is not available, and moderate changes in flight- 

path angle may be required for recovery from off-nominal conditions and/ 

or regulation against a windshear. 

The data from Reference 2 and Appendix A show a clear pilot prefer- 

ence for attitude command/attitude hold. However, Level 1 ratings are 

possible with rate command/actitude hold, so such systems must be 

allowed. 
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Figure 25. Energy Required for Flare with Attitude 
(from Reference 10) 

E.  UUY NOT LOWER ORDER EQUIVALENT SYSTEMS? 

The first criterion for attitude control listed in the proposed MIL 

Handbook (Reference I) is based on a Lower Order Equivalent Systems 

(LOES) criterion. The primary advantage of this criterion is that it 

allows the use of the existing "control anticipation parameter" (CAP) 

boundaries from MIL-F-8785B or C. These boundaries are based on varia- 

tions in classical airplane short period frequency and damping from var- 

iable stability NT-33 flight tests. The lower order equivalent form is 

the short period approximation for classical airplanes (see Refer- 

ence 18), with the addition of a pure time delay (T ) to account for 

high frequency lags. As discussed in Reference 1, the equivalent values 

of short period frequency (w,), damping (O. T-, and 1/T-  are e    e        a 
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based on simultaneously matching pitch rate and flight path to the fol- 

lowing lower order forms. 

-T_S 
q  ^  (s + 1/T92)e' e 

5es    s2 + Z^ü^s + (»)e2 

and 

-To s 
n^      Knze  

nz 

5es   s2 + 2Ceufes + "»fe2 

Because of the simultaneous matching, the value of l/Tg. Is preserved as 

the flight path lag, and is effectively fixed. This is, of course, as 

It should be since the CAP criterion is based on attitude (ou and Ca) 

and path (l/Te» =——), therefore, freeing l/Te» without consideration 

for the path response is not correct. 

The problem arises when the higher order system is not augmented to 

look like a classical airplane. Examples of this are given below. 

• Attitude command/attitude hold does not look at 
all like the classical airplane short-period 
approximation, and therefore does not apply to 
the CAP boundaries. 

• Additional modes in the region of fitting result 
in misleading and erroneous equivalent values. 
This Is discussed in detail in Reference 1, where 
it in shown that such additional modes resulted 
In negative values of Te, and indicated (errone- 
ously) a need to increase the minimum damping 
boundary from .35 to .5. This is a result of 
attempting to fit a response which is fundamen- 
tally higher order with a lower order function. 
The mathematics, knowing nothing about handling 
qualities, make adjustments to u^, (^, and Te 
which are not physically meaningful, even though 
the fit between the lower and higher order 
systems may be excellent. Results such as a neg- 
ative Te are obvious, but other anomalous varia- 
tions in (üe and Ce are usually more subtle, and 
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could easily result In Improper Interpretations 

(such as Increasing the lower damping boundary in 
Reference 1, or see Reference 37). 

• The use of LOES for RCAH is inappropriate if 
1/TQ? is not approximately equal to l/T- (see 
Figure 15) since the numerator of q/5 is not 
the same as the flight path lag, 1/Te2» 

e^he fit- 
ting routine will adjust ««^, ZQ and Te to account 
for this discrepency, yielding a result which is 
not in accordance with the basic physics of the 
problem, i.e., it is not correct to vary Ce and 
(Dg to account for a separation between l/Tg» and 
1/T . Actually, we have shown that a wide 
separation in l/Te« and 1/Tq results in flight 
path control problems (at lease in the flare) 
which would not be predicted by the CAP 
boundaries. 

In summary, the Lower Order Equivalent Systems criterion, as it now 

exists, only applies to a special class of augmentation where the higher 

order airplane has classical response characteristics, i.e., as illus- 

trated in Figure 17a. The use of LOES and the CAP boundaries for any 

other type of augmentation is risky, as illustrated by the above exam- 

ples. Since STOL aircraft are rarely augmented to look like a classical 

airplane (usually have pure rate, RCAH, or ACAH augmentation), the LOES/ 

CAP criterion, in Its present classical airplane form, is not appro- 

priate. Some consideration was given to developing LOES criteria for 

RCAH and ACAH augmentation, but there was insufficient data to develop 

criterion boundaries (separate boundaries would be required for rate and 

ACAH response types). Furthermore, the bandwidth criterion does not 

depend on the form of the response, and is more directly suited as a 

criterion for highly augmented aircraft. 

F. CONSIDERATION OF RECENT DATA FROH TIFS 

A follow-on program to the Reference 2 in-flight simulation has 

recently been completed. Very preliminary data were provided to STI. A 

complete analysis of this data is beyond the scope of the present study. 

However, a preliminary examination of the data Indicates serious dis- 

crepancies with the criteria developed herein. Of particular concern is 

the fact that several configurations with a roonotonically increasing 
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short-term a response (to a step 6 input) resulted in Level 1 ratings, 

while other configurations with a short-term step a response were rated 

Level 2. A repeat configuration (Configuration 1-2-2 in Reference 2, 

and Configuration 17 in the recent study) was given Cooper-Harper pilot 

ratings of 8 and 5.5 during the Reference 2 experiment and 2,3,2,4,2 in 

the recent experiment (from five different pilots). The same pilot who 

rated this configuration 7 and 8 on repeat trials the first time, gave 

it a 2 on the most recent evaluations. A very conventional configura- 

tion (u  = 2 rad/sec, C0„ » 0.7, 1/Te0 = 0.91 rad/sec) was rated 6,6,3 sp sp I, 
in the recent tests, whereas a similarly conventional configuration 

(7-1-4) was rated 3,2.5 during the first series of tests. One area of 

consistency between the two flight test experiments was the fact that 

ACAH configurations were rated Level 1, further verifying the robustness 

of this response-type for precision landings. 

A very brief analysis was conducted in an attempt to identify some 

fundamental difference between the configurations in the two experi- 

ment's, recognizing that the tasks and experimental scenarios were iden- 

tical. It was found that the Y numerator zeros were configured in an 

unusual way. That is, the fllght-path-angle-to-elevator numerator 

usually consists of a low-frequency zero, which is in the right-half- 

plane if the aircraft is on the backside of the power-required curve, 

and two approximately symmetrical high-frequency zeros on the real axis 

for aft tails, or an imaginary pair for a forward tail (or an equivalent 

DLC).  The approximate factors for Nl for a conventional aft-tail air- 0e 
plane, are as follows (from Reference 19). 

öe    "o      Tv,^   Tv'v   TY' 

T
l- = -Xu + (X0 - g) ~ 

Mx 1/2 

TY2 TY3 Z6e 
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Note that l/T^- and l/Tyo depend on M5 /Z5 and can take on relatively 

small values (near the region of crossover) only for a large elevator 

with a relatively small tail arm. The Y/5 numerators for the configur- 

ations in Reference 2 are relatively conventional, whereas they are 

somewhat unconventional in the configurations developed for the recent 
it 

program. Some typical values are: 

•  Reference 2 

NJ  = -12.5(s + 0.015)(s + 2.4)(s - 1.9) Configuration 1-1-1 
0e 

-13.7(s + 0.081)(s + 2.57)(s - 3.H) Configuration 4-2-2 

-10.4(s + 0.004)(s + 3.08)(s - 2.54) Configuration 7-1-4 

•  Recent flight tests 

NJ  = AY(s)(s + 0.95)(s - 3.86) Configuration 2 
"e 

= AY(s)(s + 1.42)(s - 4.45) Configuration 5 

The fact that l/Ty, is relatively small and not approximately equal 

to - l/Ty^ for Configurations 2 and 5 in the recent study invalidates 

the relationship established between a short-term step a time response 

and a -20 dB/decade slope in the Y/^- frequency response. This is 

demonstrated In Figure 26 for Configuration 2 where the short-term a 

time response is a ramp (t < 5 sec) and the Y/6  frequency response is 
CO 

* 
It should be noted that these values were calculated from prelimi- 

nary unpublished data which may have been revised. 
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K/s. Two pilots rated Configuration 2 Level 1 (Cooper-Harper ratings 

of 3 and 3), which is consistent with t^ basic crossover model theory 

(Reference 22) that the primary requirement is for a K/s response in 

Y/5 _• However, this is confounded by a third pilot who rated this con- 

figuration a 6. This third pilot "had knowledge of the configuration 

being evaluated" and may have expected problems due to the ramp a char- 

acteristics of this configuration based on preflight discussions. Since 

we do not have access to the pilot commentary, it is not possible to 

take them into account. 

It is not clear what details of the variable stability simulation 

resulted in such an unusual separation in frequency between l/Ty- 

and l/Ty^, or if such a value is physically realizable. This is of 

interest, since such values of l/Ty« do not allow the convenience of 

using the a time response as a measure of the shape of the Y/5es fre- 

quency response, i.e., the proposed primary criterion for path control 

is invalid. The most foolproof alternative is to require measurement of 

the Y/6 _ frequency response via in-flight frequency sweeps and subse- 

quent data analysis using Fast Fourier Transforms. Such measurements 

could be used to simply obtain the flight-path bandwidth ^w , and/or to 

supply the slope of |Y/fies in the region of crossover. 

Configuration 5 from the recent tests represents a conventional air- 

craft which would be expected to exhibit Level 1 handling qualities, and 

yet was rated 6 by two pilots and 3 by a third pilot. The response 

characteristics are conventional in every respect (see Figure 27 and 

compare to the generic conventional response in Figure 17a). The 

Reference 2 test results showed that such conventional aircraft response 

characteristics are desirable for the precision landing task (Configura- 

tion 7-1-4 in Figures 22 and 23). 

From the above discussion, it can be seen that apparent discrep- 

ancies exist between the most recent data, the proposed criteria, the 

* y 
This is because l/T  appears in the numerator Nges but not in the 

numerator N 
Ses* 

^2 
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original tests from Reference 2, and the piloted moving-base simulation 

results in Appendix A. A brief review of the new data suggests that an 

unusual separation in frequency between l/Ty« and l/Ty^ may explain some 

of these results. However, the wide variation in pilot ratings for the 

same configuration suggests some uncertainty in the results« Some of 

this may be explained once the evaluation pilot and safety pilot commen- 

tary are transcribed. 

One may also conjecture as to the sufficiency of two landings as a 

basis for evaluating what could be subtle, yet important differences. 

Piloted evaluations of landings has always been difficult because of the 

variability of the Initial condition at flare initiation, and the short 

exposure to the critical environment (about 10 seconds per landing). 

Unfortunately, the limited budget afforded handling qualities flight 

research rarely allows sufficient repeat runs to identify sometimes elu- 

sive deficiencies, a fact which may be responsible for the above dis- 

crepancies. Interestingly, experience has shown that the worst Judge of 

the need for repeat runs is usually the evaluation pilot. Forced to 

accomplish three or more repeat runs, the evaluators will invariably 

resist, and also invariably, will identify important features on the 

repeat evaluations which were not identified during the first few runs. 

Given a limited budget, the experimenter Is caught on the horns of a 

dilemma: running many repeat runs limits the size of the matrix, and 

many questions remain unresolved, while limiting the repeat runs results 

In questionable experimental validity. In the present case, most of the 

data Is unavailable, and we are privy to only partial information. How- 

evet, it does appear that discrepancies exist. 

G.  EFFECT OF AN AUTOTHROTTLE 

Precision flight path control Is greatly enhanced by the use of an 

autothrottle for aircraft where (dY/dVJg _ congt ^ 0 (backside). For 

example, autothrottles (Approach Power Compensators or APC) are commonly 

used on carrier-based aircraft, for example, see Reference 23. The pri- 

mary advantage of an autothrottle is for mid-to-low-frequency airspeed 

control.  That is, the pilot Is relieved of the task of controlling 

6^. 
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airspeed  (or  angle-of-attack)  with  throttle  during the approach. 

Attempts to improve the flight path response with an autothrottle result 

in excessive engine surging, or abrupt longitudinal accelerations if 

thrust Is modulated via reversers.  Hence, the autothrottle will have 

very little effect on the precision control of flight path for short 

final and landing. This is illustrated for two typical APCs in terms of 

Y/9 in Figure 28 (taken from Reference 23).  Note that (I/Te )   is 
L  eff 

unchanged in both cases. 

Some deficiencies In the APCs used on current Navy aircraft are dis- 

cussed In Reference 23 and are summarized below. 

• excessive throttle motions 

• excessive pitch attitude changes required to make 
glide slope corrections [low [l/Tg«)  ] 

*■  eff 

• excessive control sensitivity 

• excessive angle-of-attack and airspeed excursions 

— in wlndshears 

— during turn entry and exit 

— during glide slope intercept 

• tendency for low frequency pilot-induced oscilla- 
tions on glide path 

It would require a substantial research effort to develop handling qual- 

ities criteria for autothrottle systems. Since no such efforts are cur- 

rently planned, the development of satisfactory systems will have to be 

accomplished on a case-by-case basis. The criteria presented in 

Section III-A (frontside flight-path control) apply with or without an 

autothrottle, since they relate to short-terra flight path control. 
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SECTION V 

DEVELOPMENT OF STOL SIMDIATION TEST PLAN AND DISCDSSION 
OF PROPOSED CRITERION PARAMETERS 

A. INTRDDOCTION 

A significant portion of this research has been devoted to identify- 

ing gaps in the data base that prevent the development of STOL handling 

qualities criteria. Configurations were formulated as elements of a 

comprehensive test matrix for piloted simulation (see Appendix B). This 

involved the determination of airplane characteristics that provided a 

systematic variation In proposed longltudlonal and lateral handling 

qualities criterion parameters. A computer program (Reference 24) was 

developed to facilitate this process by calculating a wide variety of 

proposed criteria, given the augmented airplane transfer functions. The 

program runs on a DEC PDF 11/34 minicomputer and has been suppHed to 

FIGC as part of this contract. The resulting test matrix is given in 

Appendix B in terms of transfer functions. A portion of this matrix was 

accomplished on the AFWAL/FIGC LAMARS moving-base simulation with the 

results presented in Appendix A and discussed in Section IV. 

In the remainder of this section, the Interrelationships of the 

proposed criterion parameters with each other, and with some currently 

proposed boundaries, are discussed. 

1. Available Data 

A quite comprehensive review of STOL handling qualities data gener- 

ated over the past twenty years is presented in Reference 3; more recent 

data is discussed In Sections II through IV of this report« For the 

most part, the references discussed in Reference 3 represent data for 

transport-class (Classes II and III), powered-lift aircraft. This is a 

result of an extensive series of studies performed or sponsored by the 

U.S. FAA, British Civil Aviation Authority, NASA, and other organiza- 

tions, In the mid-1970s to develop airworthiness standards for civil 
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STOL aircraft. In addition, the U.S. Air Force's Advanced Medium STOL 

Transport (AMST) program in the same time period led to simulation and 

flight testing of the YC-14 and YC-15 prototypes (References 25 and 26), 

designed to comply with a flying qualities specification (Reference 16) 

that was based largely on MIL-F-8785C. 

Only recently has there beer» «j focus on nonpowered-lift, fighter- 

type (Class IV) STOL designs (e.g., References 17, 27, and 28). And 

with only a few exceptions, most notably References 29, 30, and 31, 

there has been almost no quantitative investigation of lateral- 

directional requirements for any STOL design. 

In summary, we can isolate three major subjects for which there is a 

glaring lack of STOL handling qualities data: 1) fighter STOLs; 2) non- 

powered-lift designs; and 3) lateral-directional characteristics. The 

first two subject areas are typically closely related, since most pro- 

posed STOL fighters will employ a minimum of lift augmentation from 

thrust. 

2. Focus of the Study 

The analytical study described in this section was conducted to 

determine the interrelationship between the various handling qualities 

parameters proposed in this report and elsewhere. By doing so, some 

insights were made Into many of the unique characteristics of the STOL 

handling qualities criteria. The remainder of this section will refer 

to the generic configurations documented in Appendix B, and especially 

the tables of handling qualities parameters, Tables B-I and B-2. 

1. LONGITUDINAL CRITERIA 

1. Overview of Configurations 

A total of forty-seven different longitudinal configurations were 

developed (Appendix B). The primary response variables were; response- 

type (ACAH vs. RCAH); attitude-to-fllght-path lag, defined here in terms 

of the parameter (I/T9-)  ; pitch attitude and flight path band- 
' eff 

width, Ugtyg and <«^w ; time  delay, represented by pure incremental delay; 
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long-term flight path stability, dy/dV or trev; and, for the RCAH 

response-types, pitch rate overshoot. Each of these response variables 

is directly related to one or more of the longitudinal STOL criteria 

proposed in this report. Each of the variables Is discussed in more 

detail in the following subsections, focusing on insights gained from 

systematic changes in the variables. 

2. Pitch Attitude Bandwidth and Time  Delay 

Pitch attitude bandwidth, (%We» was vaT^e^ through changes in con- 

trol system gains. While this is not the only way to vary bandwidth 

(for example, the same variations could be obtained by modifying the 

basic aerodynamic derivatives), it is the most systematic, and most 

physically realistic. Four values of pitch attitude bandwidth were cho- 

sen for the ACAH systems (1.5, 3, 6, and 10 rad/sec) and for the RCAH 

systems (2, 4, 5, and 8 rad/sec). In addition, pure incremental time 

delay. AT, was added In the forward loop for selected cases (an initial 

time delay of 12.3 msec was assumed to represent delay due to computa- 

tion). The primary time delay variations were made for the ACAH 

response-types. 

Figure 29 shows the sixteen ACAH cases developed for variations in 

bandwidth and time delay. Two observations can be made from this 

figure: addition of a moderate amount of time delay (0*1 sec) results 

in a 10-20 percent reduction in bandwidth, while further increases in 

delay, up to 0.2 sec, do not significantly reduce bandwidth further; the 

effect of incremental delay on the phase delay parameter Tpg is greater 

for high-bandwidth systems than for low-bandwidth ones. Thus, the 

higher the initial bandwidth the more effect time delay will have on the 

system. 

3. Flight Path Lag and Tiae Delay 

Variations In flight path lag were accomplished by modifying the 

basic stability derivatives, primarily heave damping, Zw.  The flight 

path variations in Appendix B are separated based on values of the 

flight path/pitch attitude lag, (l/Te )  , defined in Section III. The 
' eff 
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baseline aircraft has (l/Tflo)   = 0.69 rad/sec; additional values of 
2 eff 

0.44 and 0.86 rad/sec were chosen, the former near the Level 1 limit of 

0.38 rad/sec in Section III and the latter representing a possible opti- 

mum value. 

Figure 30 summarizes the flight path bandwidth, (üßw , and phase 

delay, Tp for the ACAH and RCAH systems of Appendix B. The effects 

of <^BWe» time delay, (l/Te-) , and — for the RCAH cases. Figure 30b 

— pitch rate overshoot, are shown. 

For the ACAH response-types (Figure 30a), pitch attitude bandwidth 

has a considerable effect on both Wgy and T- : as pitch bandwidth is 

Increased, flight path bandwidth increases and delay decreases.  Adding 

Incremental time delay results in a significant increase in flight path 

phase delay, with no decrease in bandwidth — in fact, there is a slight 

Increase  in  bandwidth with  time  delay.   Overall,  path/attitude 

lag, (l/Tg.)    has a relatively small Influence on ugu compared to 
*■  eff, ' 

either pitch attitude bandwidth or time delay. 

The story is quite different for RCAH response-types, however 

(Figure 30b):  increasing pitch attitude bandwidth from 2 to 8 rad/sec 

reduces tp but has almost no effect on <*)JJM    (Note the greatly 

expanded scale on Wjju in Figure 30b.)  There is an almost one-to-one 

relationship between flight path bandwidth and path/attitude lag; i-e., 

doubling (l/Te»)   from 0.44 to 0.86 rad/sec results in an approximate 
* eff 

doubling of ^Wy«  'ty ^ar t'le mosi   significant effect on flight path 

bandwidth is pitch rate overshoot:  the high-overshoot cases (flagged 

symbols in Figure iOb) have path bandwidths about twice as high as the 

corresponding (in terms of wny-, and (l/Tfl0)  ) cases. 

These trends may be explained In terms of the generic characteris- 

tics Introduced In Section IV. Specifically, the flight path band- 

width, (HJJU , is not a strong function of attitude bandwidth, O^UA» 

because I/T9 « 1/Tq (see Figure 17b) for essentially all of the RCAH 

cases. (The higher values of ^WQ are obtained by increasing 1/T » 

Appendix B.) The pitch rate overshoot cases were obtained by decreasing 

1/T  so that 1/Tq = 1/Te2, resulting in a much higher value of <%«.,• 
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Interestingly, tine delay has no effect on flight path bandwidth, at 

least for the single instance where incremental time delays were added 

(indicated on Figure 30b). This is due to the fact that there is very 

little phase effect due to T (A$ - TU) at the lower frequencies associ- 

ated with flight path bandwidth. 

The relationship between bfevia an^ ^BWy ^s more clearly illustrated 

in Figure 31.   When Ugy,. is crossplotted against !%« for the ACAH 

response-types. Figure 31a, the correlation is approximately a straight 

line, with only a minor effect of (l/T^u)   and a small effect of time 
1 eff 

delay.  This is not surprising, of course, since the example frequency 

responses presented In Section IV Illustrated that for ACAH response- 

types both the flight path and pitch attitude responses to longitudinal 

controller are dominated by the closed-loop second-order response mode 

(Figures 15 and 16). Thus, as long as there are no unusual additional 

response modes in the flight path response, it is sufficient to measure 

only pitch attitude bandwidth for ACAH response-types, since flight path 

bandwidth is directly related to pitch bandwidth. 

Figure 31b reveals just the opposite for RCAH response-types, con- 

firming the observation from Figure 30b: Ugu is independent of o^y.. 

Since Ugu is a function of (1/Tq - I/TQ»), it is a strong function of 

pitch rate overshoot. Again, review of the generic frequency responses 

of Section IV suggests the reasons for these relationships: the fre- 

quency response of flight path to longitudinal controller is determined 

(in the region of piloted control) by both the closed-loop second-order 

mode, and the frequency separation between 1/Tq and 1/Te?. This is 

clearly illustrated by Figure 32, where the ratio Tg./T« [represent- 

ing (1/Tq)/(1/Te2)] is plotted (as the logarithm of the ratio for 

convenience) against Wgy . Since 1/Tq is greater than l/Tg, for all the 

RCAH cases, Te2/Tq > 1 and log (Te^Tq) > 0. 

The conclusions to be drawn are that 1) the most important factor in 

determining flight path bandwidth for ACAH response-types is pitch atti- 

tude bandwidth — high values of the latter assure good values of the 

former; 2) pitch rate overshoot is critical to obtaining good flight 

path bandwidth for RCAH response-types (this is elaborated on below); 
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3) the actual value of (1/TQ )   for either response-type is a factor 
* eff 

in flight path bandwidth, but of secondary Importance In either case. 

4. Inportance of Pitch Kate Overshoot 

This is a subject that has been the focus of controversy in the fly- 

ing qualities community for a number of years: is pitch rate overshoot 

essential, and if so, why? Throughout this report, the importance of 

the pitch rate zero 1/Tq has been emphasized in determining both flight 

path bandwidth and the shape of the angle-of-attack time response« The 

previous subsection showed that both the frequency of the zero I/T9. and 

the frequency separation between I/T9» and 1/Tq determine flight path 

bandwidth for RCAH response-types.  Therefore, there are two ways to 

provide flight path bandwidth for such response-types:  make (I/T9.) 
1 eff 

large, or intentionally provide overshoot. 

The importance of pitch rate overshoot can be illustrated by looking 

at two RCAH cases from Appendix B.  In Figure 31b there are two cases 

with almost identical pitch attitude bandwidth (3 rad/sec) and flight 

path bandwidth (0.74 rad/sec); in one instance (labeled R5H), the flight 

path bandwidth is provided by heave damping or (1/Tg.)  , while in the 
1  eff 

other case (R05L) it is provided by pitch rate overshoot.  The latter 

case has a very low value of (l/Tg.)  , 0.44 rad/sec, Identical to that 
1  eff 

of the low-overshoot Configuration R5L.  Time histories of pitch atti- 

tude, flight path angle, and angle-of-attack to a pulse pitch attitude 

command input for these three cases are shown in Figure 33. Addition of 

pitch rate overshoot to the 1OW-(1/TQ0)   case — i.e., going from R5L 
1 eff 

to R05L — improves the quickness of the flight path response (note that 

the maximum flight path angle achieved is not Increased, however; this 

is covered by the parameter ^Tmax/^ss^* 

Figure 33 serves to confirm that the advantage of pitch rate over- 

shoot is in the improved short-term flight path response, attained by 

effectively overdriving pitch attitude and angle-of-attack. This also 

indicates that overshoot is not essent. al, as long as I/TQ for the 

basic aircraft is sufficiently large. Therefore, we would expect that 

(except  for  the  possible  effect  of  differences  In At^gjj) 
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Configurations R5H and R05L would be considered very similar, In terms 

of Cooper-Harper ratings,  by a pilot. 

5. ^ versus U^)^ 

The parameter (I/T9-)   is used throughout this report as a candi- 
* eff 

date parameter for defining flight path bandwidth.  As defined in 

Section III, it is a measure of the lag between flight path and pitch 

attitude, and thus represents the rapidity with which Y follows 6 for a 

series pilot control scheme. However, it has been shown in Section IV 

to not be as descriptive as the direct bandwidth of flight path-to- 

longitudinal controller, 0^^  It is also clear from the discussion 

earlier in this section that, while (1/Tg.)   has an effect on flight 
L eff 

path bandwidth, it is not the only, or necessarily the dominant, factor. 

The relationship between (ügu and (1/Te )   for the ACAH and RCAH 
1       I  eff 

configurations of Appendix B is illustrated in Figure 34.  These plots 

simply confirm observations made above:  the roost important determinant 

in to™ for ACAH systems is pitch attitude bandwidth, while (l/Te-) 
' l eff 

dominates for RCAH systems — as long as pitch rate overshoot is mini- 

mal [1/Tq » (l/TeJ   or (l/TeJ   is large].  This does not, of 
^       / eff       l eff 

course. Invalidate (1/TQ )   as a criterion:  whenever the pilot is 
2 eff 

controlling flight path with attitude (the series pilot control struc- 

ture), (1/Te9)   Is important and URU is not; conversely, for parallel 
* eff • 

control of flight path and attitude, the direct measurement of Wgu is 

more meaningful. Hence, both parameters are of value, and Level 1 

values of both should always assure Level 1 path response. 

6. Flight Path/Attitude Relationship 

In Section III, the parameter AYraax/A8gs is recommended as a control 

power requirement; I.e., a certain minimum flight path change per unit 

pitch attitude change roust be achievable. This parameter was first pro- 

posed in Reference 10 as a flare control limit, and there has been 

little experience with the parameter since. While such a requirement is 

certainly reasonable, there is some justification for revising the 

definition.  For example, most of the configurations of Appendix B have 
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a very low-frequency pole that results in a slight drift in the time 

response of pitch attitude to a longitudinal control input (step for 

ACAH, pulse for RCAH). For two of the very backsided cases (A6MG3 and 

A6HG3), this pole is actually unstable (divergent), resulting in a 

divergent attitude response. However, in all of these cases, it takes 

from ten seconds to several minutes for these low-frequency effects to 

manifest themselves — far beyond the time the pilot is concerned about. 

The issue, therefore, is in the use of "steady state" pitch attitude 

as a normalizing parameter for ^Ymax^^ss compared to, for example, the 

value at ten seconds or at the time ^Ymax ^s attained. Since this is 

basically a flare criterion, such shorter time Intervals would certainly 

be more representative, especially for conventional aircraft (i.e., no 

attitude hold). 

This is an area deserving further research; at the present time, 

however, there is Insufficient data to develop an alternative definition 

for MWASss. 

7. Flight Path Stability 

Several ACAH configurations in Appendix B have been designed to val- 

idate the MIL-F-8785C limits on flight path stability, defined by dy/dV 

(in units of deg/kt). In Reference 3 an alternative parameter, trev, 

based on the time flight path reverses sign following a control input, 

was recommended. Figure 35 shows the time histories of these cases for 

a step control input (all cases are ACAH). In this figure, responses 

are labeled either as "A6L." "A6M," etc., or as "A6LG3," etc. The cases 

without a "Gn" suffix have Level 1 flight path stability, dY/dV < 0; for 

the "Gn" cases, the value of n reflects the level of dY/dV: for 

Gl, dy/dV - 0.06 deg/kt, etc., following the Levels i, 2, and 3 limits 

of M1L-F-8785C. The single G4 case, A6HGA, has dY/dV - 1.0 deg/kt — 

far beyond the Level 3 limit. All of these cases should be evaluated in 

a simulation or flight environment, and each with varying engine time 

delays and with autothrottles. Figure 36 docuraents the characteristics 

of the variation cases on a crossplot of dY/dV vs. trev. As this figure 

shows, the two parameters are closely related for the configurations 
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chosen, so either parameter can be used to define flight path stability 

for these cases. Reference 3 contains a more thorough discussion of 

both parameters, and shows cases for which dy/dV and trev are not so 

closely related. 

C. UTERAL-DIRECTIONAL CRITERIA 

1. Overview 

There is no discussion of lateral-directional handling qualities 

criteria for STOL aircraft are not developed in this report because 

there is essentially no quantitative information for developing, refin- 

ing, or validating such criteria. This was the case when Reference 3 

was written and, unlike the longitudinal axis, where at least a few 

experimental programs have been conducted recently, no studies of 

lateral-directional requirements for STOLs have been performed since 

Reference 3 was released. References 29 and 30 contain a limited amount 

of data for STOL transports, but there is insufficient Information tc 

develop or validate lateral-directional criteria for STOL aircraft. 

Because the lateral-directional response characteristics of STOLs 

are basically Che same as those of conventional aircraft (I.e., differ- 

ences such as "powered-lift" vs. "nonpowered-llft," and "frontslde" vs. 

"backside," do not occur in the lateral-directional axes), It Is reason- 

able to expect that similar criteria can be applied, with some expecta- 

tion that the limits of such criteria may be tightened for precision 

STOL approaches and landings. 

In this subsection, we will review potential lateral-directional 

handling qualities crlr«ria, and compare the lateral-directional varia- 

tion cages of Appendix R with the current limits of each of these crite- 

ria. Vie consider these to be the most promising criteria and the most 

appropriate cases fur validating the criteria. 
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2. Candidate Lateral-Directional 
Handling Qualities Criteria 

The following criteria from MIL-F-8785C, MIL-F-SSSOO, and elsewhere, 

apply to STOLs. For specific wording and application of the criteria, 

the reader should consult the appropriate specification and user's 

guide. 

a. Roll Control Sensitivity - ^»i/Fga (deg/lb) 

This is the ratio of bank angle at 1 sec to the force required for 

a step lateral control input. Recommended values for «fr/Fag are given in 

References 1 and 32 and are shown in Table 3. 

b. Time to Roll 30 Degrees - t^jgO (seconds) 

This is defined as the time taken for the bank angle (<J>) to reach 

30° after a full-scale step lateral stick input. The requirements are 

given in References 1 and 32 and are reproduced in Table 4. 

c. Dutch Roll Frequency and Damping - ?<i, '«'a 

Limits on the Dutch roll frequency and damping from References 1 and 

32 are given in Table 5. 

d. Roll Mode Time Constant - TR (seconds) 

Reference 32 sets upper limits on the roll mode as Indicated in 

Table 6. 

e. Spiral Mode Time Constant - Ts (seconds) 

Limits on the spiral mode are given in Table 7 from Reference 32 in 

terms of time to double amplitude, T2, where T2 - -0.693 T8. 
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TABLE 3.  RECOMMENDED MAXIMUM ROLL CONTROL 
SENSITIVITY (FROM MIL-F-8785C) 

LEVEL 
FLIGHT PHASE 
CATEGORY 

MAXIMUM SENSITIVITY 

(deg in 1 sec)/Ib 

1 
A 15. 

C 7.5 

2 
A 25. 

C 12.5 

TABLE 4a.  ROLL PERFORMANCE FOR CLASS I AND II AIRPLANES 
(FROM MIL-F-8785C) 

Time to Achieve the Following Bank Angle Change (Seconds) 

CLASS LEVEL 
CATEGORY A CATEGORY B CATEGORY C 

60 deg 45 deg 60 deg 45 deg 30 deg 25 deg 

I 1 1.3 1.7 1.3 
I 2 1.7 2.5 1.8 
I 3 2.6 3.4 2.6 

II-L i 1.4 1.9 1.8 
II-L 2 1.9 2.8 2.5 
II-L 3 

1 

2.8 3.8 3.6 

II-C 1.4 1.9 1.0 
II-C 2 1.9 2.8 1.5 
II-C 3 2.8 3.8 2.0 
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TABLE 4b.  ROLL PERFORMANCE FOR CLASS III AIRPLANES 
(FROM MIL-F-8785C) 

Time to Achieve 30 deg Bank Angle Change (Seconds) 

LEVEL 
SPEED 
RANGE CATEGORY A CATEGORY B CATEGORY C 

1 
L 
M 
H 

1.8 
1.5 
2.0 

2.3 
2.0 
2.3 

2.5 
2.5 
2.5 

2 
L 
M 
H 

2.4 
2.0 
2.5 

3.9 
3.3 
3.9 

4.0 
4.0 
4.0 

3 ALL 3.0 5.0 6.0 

TABLE 4c.  ROLL PERFORMANCE FOR CLASS IV AIRPLANES 
(FROM MIL-F-8785C) 

Time to Achieve the Following Bank Angle Change (Seconds) 

LEVEL 
SPEED 
RANGE 

CATEGORY A CATE^RY B CATEGORY C 

30 deg 50 deg 90 deg 90 deg 30 deg 

VL 1.1 2.0 1.1 

1 L l.l 1.7 1.1 
M 1.3 1.7 1.1 
H 1.1 1.7 1.1 

VL 1.6 2.8 1.3 

2 
L 1.5 2.5 1.3 
M 1.7 2.5 1.3 
H 1.3 2.5 1.3 

VL 2.6 3.7 2.0 

3 L 2.0 3.4 2.0 
M 2.6 3.4 2.0 
H 2.6 3.4 2.0 
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TABLE 5.  RECOMMENDED MINIMUM DUTCH ROLL FREQUENCY AND DAMPING 
(FROM MIL-F-8785C) 

LEVEL 
FLIGHT 
PHASE 

CATEGORY 
CLASS Min ;d* 

Min Cd<«><i* 

(rad/sec) 

Min u)d 

(rad/sec) 

1 

2 

A (CO and GA) IV 0.4 0.4 1.0 

A I. IV 
II, III 

0.19 
0.19 

0.35 
0.35 

1.0 
0.4 

B All 0.08 0.15 0.4 

C 

All 

I, II-C, 
IV 

1I-L, III 

0.08 

0.08 

0.02 

0.15 

0.10 

1.0 

0.4 

All 0.05 0.4 

3 All All 0 — 0.4 

The governing damping requirement is that yielding 
the larger value of Cj, except that a Cj of 0.7 is 
the maximum required for Class III. 

When U^I^/PIJJ is greater than 20 (rad/sec) , the minimum ^üfc should 

be increased above the Qj u^ minlmums listed in Table 5 by: 

Level 1: Acdü>d - 0.014[(üd| (|)/ß|d - 20) 

Level 2: &Cd^ - 0.009(0^1 «t./ß|d - 20) 

Level 3:   Ai:d(üd - 0.005((üJ| ♦/B|d - 20} 

with u)d In rad/sec. 
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TABLE 6. MAXIMUM ROLL-MODE TIME CONSTANT, 
SECONDS (FROM MIL-F-8785C) 

FLIGHT 
PHASE 

CATEGORY 
CLASS 

LEVEL 

1 2 3 

A I, IV 
II, III 

1.0 
1.4 

1.4 
3.0 

B All 1.4 3.0 10 

C I, II-C, IV 
II-L, III 

1.0 
1.4 

1.4 
3.0 

TABLE 7.  SPIRAL STABILITY — MINIMUM TIME TO DOUBLE 
AMPLITUDE (FROM MIL-F-8785C) 

FLIGHT PHASE 
CATEGORY 

LEVEL 1 LEVEL 2 LEVEL 3 

A & C 
B 

12 sec 
20 sec 

8 sec 
8 sec 

4 sec 
4 sec 

f. Roll-Sideslip Coupling - l&P/il»!! 

Roll-sldesllp coupling is calculated as the ratio of the maximum 

change In sideslip angle (occurring within two seconds) to the first 

roll angle peak (ti) (see Figure 37) following a pulse lateral control- 

ler Input. Requirements are given In Reference 33 and are reproduced In 

Figure 38a. The ratio [Aß/^l x |<l>/3|d accounts for high j<|»/B|d; 

requirements are given In Reference 33 and are shown In Figure 38b. 

These requirements are considered to be more appropriate and less sub- 

ject to Interpretation than the more familiar A0/k parameter of MIL-F- 

8785C (see, for example, discussions in References 1 and 34). 
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g.    Lateral Oscillation Parameter - <l>o8c/*av 

This parameter is defined as shown below (see Figure 37). 

rose 

Kav 

$1 •»• $3 - 2$2 
Qd < 0*2 

fQSC 

fav 
Cd > 0.2 

Requirements are given in Reference 32 and are shown in Figure 39« 

I 
•v. 
u 
CO 
Q 

■e- 

•180°    -220°    -260°    -300°    -#0°     -20°      -60°     -100°    -lUO0    -180° 
*£ (DEG) WHEN P LEADS B  BY 225° THROUGH 360° to »i50 

Figure 39.    Bank Angle Oscillation Limitations 
(from MIL-F-8785C) 
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h. Alternative Lateral Oscillation Parameter - ^oac/^i 

This Is defined as 

w ♦l + <l>3 - 2*2 
«t>l                      2*! 

♦osc ♦l - +2 

?d < 0*2 

*!      2*! ^>0-2 

No requirements exist for this parameter« It Is recommended In 

Reference 34 as an alternative to ^osc^av because it is less sensitive 

to the effects of the spiral mode« 

1. Turn Coordination Parameters - 6rp(3) and u 

The yaw-to-roll crossfeed parameters are calculated using the rules 

stated in Reference 1. The parameters are dependent on the value 

of N6a/L6a. i.e., 

6r^(3) if |N6a/L6a| < 0.03 

V if K^/LeJ > 0.07 

both 6{.p(3) and P if 0.03 <|N6a/Lea| < 0.07 

Requirements for these parameters are presented in Reference 1 and 

are shown in Figure 40. 

3. Development of Lateral-Directional 
Variation Gases 

Appendix B documents the characteristics of 88 separate lateral- 

directional cases that were developed to cover the full range of the 

flying qualities criteria outlined above. The state of the data base 

for lateral-directional STOL characteristics Is considerably more lim- 

ited than that for CTOLs, with a critical need in the short term for 

fundamental information on what the boundaries of the existing criteria 
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Sym Ooto 
Source Cd 

0 Ref.148 .2 
D Ref. 146 .2 
m Ref.146 .4 
s Ref.149 .1 
a Ref. 68 .I-.2 
a Ref.68 .4 
Q Ref.144 .24-.37 
A Ref. 69 .I-.2 
A Ref.69 .34    ( 

+ 10 

Refs ore from Ref. I 
Extropolation => Level 2 '-l.tS 

c 
o 

8°: 
a 
w 

6 a 

Shaded Points     wd s 1.0 

Open Points       1.0 < wd S 2.0 

Flagged Points   wd > 2.0 

•0.6 -0,4 
(Adverse Yaw) 

-0.2 02 

8^3) 

0.4 0.6 

(Proverse Yaw) 
0.8 

Figure 40b.    Pilot Rating Correlations When N«aAs < 0.07 
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should be. The logical next step would then be investigation of the 

more esoteric issues — response-types, time delay effects, attitude 

hold, etc. 

The basic variations in dynamics were made by changing aerodynamic 

stability and control derivatives. A roll-yaw crossfeed shaping func- 

tion was utilized to accomplish the modification of turn coordination 

characteristics. 

Table B-4 of Appendix B summarizes the various handling qualities 

parameters for the lateral variation cases. As this table Indicates, 

the first sixteen cases were devised to evaluate variations in Dutch 

roll frequency and damping. Cases 17 through 20 are roll mode varia- 

tions, and Cases 43 through 52 are control power (L5 ) variations. The 

rest of the cases represent variations In turn coordination: Cases 21 

through 38 have a nominal value of roll-sideslip ratio, |t/3|d> 

Cases 21A through 38A and 2 IB through 38B have low and high values 

of |(j»/3|tj, respectively. Cases 39 through 42 are also turn coordination 

variations with a very low value of N5 /Lj . 

The following discussion will compare the handling qualities charac- 

teristics of these cases (from Appendix B) with the candidate criteria. 

4. Goaparisons with Criteria 

a. Dutch Roll Variations 

Cases 1 through 16 were devised to evaluate a range of Dutch roll 

natural frequencies and damping ratios; as a result, Che spiral mode was 

Level 1 (Ts > •), and the roll node kept approximately constant 

at l/Tg ■ 2 rad/sec. Tlrae-to-bank and control sensitivity values were 

either Level 1 or only marginally Level 2 (i.e., MIL-P-8785C 

requires t^QU < 1,1 sec, and as Table B-4 shows, this parameter ranged 

between 1.13 and 1.20 sec for these cases). Figure 41 summarises these 

cases in terras of Dutch roll, bank angle oscillation, and sideslip 

excursion characteristics. 
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Only three cases in Figure 41 lie in the current Level 2 or 3 bound- 

aries: Cases 2, 3, and 14, all with low Dutch roll frequency (these 

cases are Level 1 on the JAfJ/^j boundary, but high |(|>/ß|d makes them 

Level 2 for the, second sideslip excursion requirement, Figure 41c). It 

is expected that more stringent limits will apply due to the increased 

lateral precision requirements inherent to short and narrow STOL run- 

ways. Case 14 is an apparent anomaly, since it has good Dutch roll 

damping (^ = 0.4) but the highest value of «^osc/^av 0^ a^ the ca8e8» 

Figure 41b. Case 15, with the same damping ratio but higher Dutch roll 

frequency (1.5 rad/sec vs. 0.8 rad/sec) has no roll oscillation. 

Figure 42 shows time histories of bank angle and sideslip angle for a 

pulse lateral stick input for Cases 14, 15, and 16 (I.e., all cases 

with Cj = 0.4). As the bank angle response shows. Case 14 

has ♦osc/'l'av ^ ^ because <|>2 < 0; and for Cases 14 and 15, the 

ratio ♦osc/'t'av ^s zero because there is no second peak ($2 doe8 not 

exist). In this example, Case 14 does not look significantly worse than 

Case 15, at least as far as «j^sc/^av is concerned. It Is likely that 

Case 14 would not be acceptable in flight, but because of the very low 

Dutch roll frequency, not because of roll oscillations. This suggests 

that  there  is  some  justification  for  refining  the  definition 

of ^osc/^av 

b.  Roll Mode Variations 

Five cases (Cases 1, 17, 18, 19, and 20) were designed to evaluate 

the limits on roll mode time constant. The following table lists the 

time constants and flying qualities Level (based on MIL-F-8785C, 

Class IV, Flight Phase Category C) for these cases. 

CASE     TR» 8ec     LEVEL 

17 1.25 2 
18 1.0 1-2 
19 0.667 I 

1 0.5 1 
20 0.333 1 
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These cases are Level 1 on all the other handling qualities boundaries 

discussed above. 

c. Turn Coordination Variations 

The bulk of the lateral-directional variation cases of Appendix B 

are aimed at investigating the effects of imperfect turn coordination on 

flying qualities. Since STOL aircraft — including proposed STOL 

fighters — typically fly at quite low approach speeds, the problems 

associated with low-speed flight, such as adverse aileron yaw and roll- 

due-to-rudder, are more likely to show up. 

Cases 21 through 42, 21A through 38A, and 21B through 38B encompass 

a wide variety of roll/yaw response characteristics. All of these cases 

have Level I value:, of spiral, roll, and Dutch roll modes; modification 

of control derivatives and use of stlck-to-rudder crossfeeds produced 

the variations listed in Appendix B. The intent of the variations was 

to examine a wide range of points on the turn coordination (y) require- 

ment, Figure 40, with three different values of l^/ßja: 2*7 (nominal), 

0.9 (low), and 4.1 (high). 

Figure 43 shows the turn coordination variation cases on the u plot. 

Values of w - +1, 0, and -1 were chosen, and cases designed to be in 

each of the level boundaries, or on the edges of the boundaries, by 

varying the sign and magnitude of the ratio Nx /LA .  This results in 
a      a 

large variations in other parameters as well, as Table 3-4 shows; the 

most interesting of these parameters is the competing requirement on 

turn coordination (sideslip excursions), JAfJ/^j or JAfJ/<^j x j^/ßj^. 

Figure 38. Figure 44 shows the cases plotted on the JAB/^| x 

j^/ßld vs. ipg requirement; this is most interesting since three differ- 

ent  values of   |$/ß|d  were used. 

Symbols in Figure 44 have been shaded according to the Levrl limits 

of Figure 43: open .symbols are In the Level I region in Figure 43, 

hatched symbols lie on the Level I limit boundary, etc. In addition, 

those cases that have Level 1 values of ^osc/^av are narked with an 

asterisk.       Assuming   that    the   current    limits   on  ♦osc^av»  Dutch   roll 
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Figure 43.    (Continued) 
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characteristics, etc., are applicable to STOLs, these would be the most 

Interesting cases for a slnulatlon or flight experiment. Several of the 

marked cases have quite high values of JASJ/^j x j^/^ld» yet are ^n the 

Level I region on the u requirement plot, and thus these cases would 

resolve which of the criteria Is more applicable. The dashed lines on 

Figure 44 represent rough mapping of the u boundaries based upon the 

data points; clearly, u allows much larger values of JAfJ/^j * l^/^jd ai: 

low values of tg« In addition, the vi requirement does not disallow very 

large values of j^/ßjj. 

As with all the lateral-directional criteria discussed above, it is 

impossible to resolve here whether the boundaries, or even the criteria 

themselves, are applicable to STOLs. A considerable amount of simula- 

tion or, preferably, flight research, must be performed. 
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SECTION VI 

GONCLUSIONS 

The conclusions reached in this study are summarized below. 

• STOL approach and landing handling qualities 
requirements must account for attitude and flight 
path control. This may or may not require sepa- 
rate criteria. 

• The criteria should specify the allowable 
Response-Types. Four Response-Types are identi- 
fied for STOL approach and landings; Conventional 
Airplane, Rate, Rate-Command-Attitude Hold (RCAH) 
and Attitude-Command-Attitude-Hold (ACAH). 

• ACAH was found to be the most desirable Response- 
Type for precision STOL landings. 

• The Conventional Airplane Response-Type (Identi- 
fied by a step angle-of-attack response to a step 
longitudinal controller Input) was acceptable for 
STOL landings, but required a higher attitude 
bandwidth than ACAH. 

• Rate and RCAH Response-Types are generally the 
least desirable for precision STOL landings. 
However, Level 1 handling qualities can be 
achieved if 1/Tq * I/T92 (which makes it look 
like a Conventional Airplane Response-Type). 
This may result in an undesirably low attitude 
bandwidth, if I/T92 Is small (less than about 
.8). 

• The Response-Type used during STOL approaches is 
not critical (all are acceptable). That is, the 
Response-Type requirement is driven by the land- 
ing task. This may be alleviated by building a 
strong enough landing gear to allow no-flare 
landings. However, such an alleviation was not 
found to be justified by the data from the LAMARS 
simulation (which involved no-flare landings). 

• The Ujjp vs n/o criterion, in combination with a 
lower order equivalent system (LOES) fit (to the 
short period approximation), is utilised as a 
combined attitude and flight path criterion in 
NIL-F-8785C. This criterion is not applicable 
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unless a Conventional Airplane Response-Type is 
employed. The criteria proposed herein involve 
bandwidth, which is not dependent on the 
Response-Type. 

• There are substantial gaps in the database which 
should be filled to provide adequate supporting 
data for STOL handling qualities criteria. 
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APPENDIX A 

LAHARS SINDLATIOH OF FIGBTER STOL LANDINGS 

A. DESCRIPTION OF SIMULATION AND 
TESTED CONFIGURATIONS 

A moving-base piloted simulation of fighter STOL landings was con- 

ducted by AFWAL/FIGC on the LAHARS simulator in direct support of this 

program. Configurations AIL through A6H and R2L through R08M from 

Table B-2 (Appendix B) were tested. The actual configurations differed 

slightly from those listed in Table B-2, but the differences are insig- 

nificant in terms of obtaining the desired systematic variations in the 

key handling qualities parameters. The parameters varied in the simula- 

tion  were   pitch   attitude   bandwidth, ufewg, an^   flight   path 

lag, [l/Te9)  , for rate command/attitude hold (RCAH) and attitude 
* eff 

command/attitude hold (ACAH) response-types.  Pitch rate overshoot was 

also varied for the RCAH response-types. The simulation math model con- 

sisted of attitude, flight path, and airspeed transfer functions. This 

type of model is ideally suited for making systematic variations as long 

as airspeed does not vary significantly. 

The simulator cockpit was configured as a typical fighter aircraft 

with the head-up display illustrated in Figure A-l. The piloting task 

was to intercept the final approach course from the initial condition 

illustrated in Figure A-2 and to lane in a designated area. 

The runway was visible throughout the run and the pilots had raw 

localizer and glideslope guidance available on the HUD. The velocity 

vector symbol on the HUD was of particular value as it provided a direct 

measure of the longitudinal flight path angle. The pilot technique, in 

most cases, was to superimpose the velocity vector symbol on or near the 

desired touchdown point. The flight path dynamics in response to con- 

trol inputs and to attitude changes were therefore Immediately obvious 

to the pilot. Tfils feature was particularly Important In terns of simu- 

lation fidelity since flight path information is difficult to detect in 
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Figure A-l.    Baseline Head-up Display  (HUD)  Configuration 
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ground based simulator visual systems. The touchdown performance param- 

eters required a slight flare maneuver Involving a tradeoff between sink 

rate and dispersion from the desired touchdown point. 

Tolerances used to define desired and adequate performance when 

assigning the Cooper-Harper pilot ratings are defined in Table A-l. 

Atmospheric disturbances consisted of a 15 kt crosswind shear to 

0 kt in 200 ft of altitude in light random turbulence. 

The pilots were allowed as much training as they felt was necessary 

(typically 1 hr) and were required to accomplish at least four runs 

before assigning a handling quality rating (HQR) for each tested config- 

uration. 

A total of 23 configurations were tested. The transfer functions 

for these configurations are given in Table A-2 and the values 
0^ ü)BWe» "BWv' an(* U/Tf^)   a^e given in Table A-3 along with a sum- 

' *• eff 
mary of the Cooper-Harper pilot ratings.  The angle of attack time 

1.5 nm from touchdown 

Vcot - 130 kts 
a = 8 deg 

v. V 
20 ,o^. 

130ft x 1500ft 
ST0L Runway 

T^ 
Figure A-2. Landing Task Scenario 

TABLE A-l.  DEFINITION OF DESIRED AND ADEQUATE PERFORMANCE 

PERFORMANCE PARAMETER DESIRED ADEQUATE 

Landing speed 
Touchdown sink rate 
Distance from touchdown point 
Lateral touchdown dispersion 

±2 kts 
< 10 ft/sec 

*75 ft 
±8 ft 

±4 kts 
< 13 ft/sec 

+150 ft and -100 ft 
±16 ft 
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TABLE A-2.  TRANSFER FUNCTIONS OF TESTED CONFIGURATIONS 

CASE 9/0. 

10AC 

17AC 

18AC 

20AC 

1 

11 

'es 

IAC 6.60(0.19)(0.21) 1    ^ ,n n„. 
^^ (3.072)(1.039)[0.989;0.205] TY      KU'Ul} 

2AC (1.690)aa,16))[0°;28t!o.209l ^ ^ ' [0-08' 0-10l 

qAr  7.3(0.09)(0.56) 
VMj (0.09162)(0.6159)(l.070)(3.089) 

3.36(0.09)(0.56) 
(0.09247)(0.6578)(1.278)(1.587) 

 8.0(0.06)(1.00)  
(0.06065)(0.9467)(1.652)(2.557) 

 3.50(0.06)(1.00)  
(0.06104)(0.9424)[0.833;1.628] 

0.79(0.06)(1.00) 
(0.0635)(0.935)[0.541;0.894r 

6.60(0.20)(0.20)(0.80) 
(0)(4.061)(1.405)[0.911;0.192] 

a          8        a        9 [Cp; «V 
6es      6es      e      6es U/Te^U/^ J 

Y          9    .  Y        8    . (l/T-r) 
6es      6e8      ö      6e8 Li/Tejju/Te^ 

, 3.10(0.1744)(0.2260)(1.70) -.-0.078       [••0.866;49.5] 
(0)(4.061)(1.405)[0.911;0.192] " [0.866;49.5] 

1 2.18(0.20)(0.20)(2.40) 
(0)(4.061)(1.405)[0.911;0.192] 

A 1.42(0.1831)(0.2169)(3.70) 
(0)(4.061)(1.405)[0.911;0.192 

q 6.12(0.0907)(0.5371)(0.8622) 
^ (0)(0.0921)(0.4766)(1.475)(3.767) 

in 3.25(0.09162)(0.5444)(1.604) 
1U (0)(0.09721)(0.4766)(1.475)(3.767) 

2.60(0.08995)(0.5504)(2.00) 
(0)(0.09721)(0.4766)(1.475)(3.767) 

19 1.48(0.0898)(0.5504)(3.50) 
1 (0)(0.09721)(0.4766)(1.475)(3.767) 
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TABLE A-2.  (CONCLUDED) 

CASE 

17 

6M es 

18 

19 

20 

15 

7.00(0.05983)(0.8115)(6.9887) 
(0)(0.06262)(0.8096)(1.32A)(4.620) 

4.25(0.06)(1.00)(1.320) 
(0)(0.06261)(0.8736)(1.908)(2.971) 

2.52(0.06)(1.00)(2.30) 
(0)(0.06261)(0.8736)(1.908)(2.971) 

1.82(0.06)(1.00)(3.20) 
(0)(0.6261)(0.8736)(1.908)(2.971) 

4.64(0.03298)(1.104)(2.993) 
(0)(0.0337)(1.200)[0.648;3.534] 

21 

22 

7.80(0.090)(0.55)(0.65) 
(0)(0.09593)(0.6152)[0.659;2.0901 

6.25(0.09)(0.55)(0.80) 
(0)(0.096)(0.6235)[0.794;2.075] 

23 5.68(0.09)(0.55)(0.90) 
(0.09613)(0.6485)(1.483)(2.789) 

Note:    (a) » (s + a) 

[t;%]  -  Is2 + 2^8  + (^2] 
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responses  to a step longitudinal controller input are given in 
Figure A-3. 

Block diagrams of the RCAH and ACAH stability augmentation systems 
used in the simulation are given in Figure A-4. Ground rules used to 
develop the configurations are summarized below. 

• 1/Te. and l/Tg, were  chosen  to  yield  the 
desired U/TA-I   with l/Tv, - 0.02 l/sec. 

2 eff       '1 

• Tg was set to minimize the overshoot 

^peakMss " l'0)« 

• The leading coefficient of the Y/6e transfer 
function. Ay, was set to yield A']^nax/56^s « 1.0. 

• The leading coefficient of the airspeed transfer 
function, Au, was set to yield Au/A6^8 ■ 1.0 kt/ 
deg. 

• The stick gain for the RCAH configurations was 
adjusted to give q8S "3.3 deg/sec per inch of 
stick deflection (gradient was 5 lb/in.). 

• The stick gains were adjusted for ACAH so that 
for a 1 Inch deflection, pitch attitude and 
flight path matched, for the first two-plus 
seconds, the comparable RCAH configuration. 

B. PILOT COMMEMTARy AMD RATINGS 

The raw pilot comments and Cooper-Harper ratings are presented on 

the following pages. The pilot comment card, shown in Figure A-5, was 

used to guide the commentary. 
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A. Aircraft Response Characteristics - (rate according to 
axis/controller) 

1. Initial Speed of Responses (sluggish, abrupt) 
2. Flight Path Precision (Including heading control; predictable, 

unpredictable, overshoot) 
3. Airspeed Control (sluggish, abrupt) 
A. Coordination Between Axes/Controllers (OK, overcontrol) 

B. Atmospheric Disturbance Characteristics - 

1. Effect on Task Performance (none, annoying, distracting) 
2. Intensity (light, moderate, severe) 
3. Realism 

C. Overall Evaluation - 

1. Pilot Compensation Required (minimal, moderate, considerable) 
2. Special Piloting Techniques Required 
3. Performance Obtained (desired, adequate) 
4. Cooper-Harper Rating 
5. Flying Quality Deficiencies (describe, Including level of 

deficiency) 

Figure A-5. Pilot Comment Card Used in Simulation 
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CONFIGURATION #1 

Pilot H (HQR 3) 

AIRCRAFT RESPONSE CHARACTERISTICS 

If you went to a rapid input the response was a little sluggish, I 
was not high gain in that task. I could take my time and put it 
where I wanted to in the low gain situation. I did try once to pull 
pretty abrupt and it would be sluggish. 

Flight path precision was good providing the inputs were slow. 
Again as I've seen before, as you roll out on final, the flight path 
marker tends to drop on you with no inputs on the stick. 

First time I've seen that when you take power off you start getting 
a sink rate in the aircraft. If you got airspeed under control the 
rest of the approach worked out well. As a result, the sluggishness 
I saw at the fast rate required a little bit greater pitch change to 
get the kind of flare you needed to get the sink rate down. If you 
judged the distance ahead you could get desired performance. 

ATMOSPHERE 

I saw some moderate turbulence occasionally. I don't call that 
real. I think I should see considerably more light to moderate high 
frequency stuff with an occasional moderate arst .nrawn in there. 

OVERALL EVALUATION 

Pilot compensation was minimal. As long as the task remained low 
gain I didn't have any problem. I could keep It where I wanted it. 
I had to keep some small continuous inputs but it seemed real con- 
trollable. Overall I could keep the flight path marker where I 
wanted it. The only problem was the flare, finding a pood attitude 
and a lead point to put it on the mark. That was perils the spe- 
cial piloting technique required. 

Desired performance obtained. 
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CONFIGURATION #1 

Pilot C (HQR 5) 

AIRCRAFT RESPONSE CHARACTERISTICS 

The pitch rate Is quick, however, ehe response of the aircraft in 
angle and flight path is slow. 

Aircraft Is more sluggish in this configuration. 

No trouble with heading coatrol. 

In the pitch response there was a tendency to overcontrol.  The 
response was slow and you would put in more than was required. 

Airspeed control was normal. 

Pitch response was slower than lateral response. 

ATMOSPHERE 

No problems. 

OVERALL EVALUATION 

Minimum to moderate compensation required. 

Adequate performance obtained, however, not desired yet. 

Slow response of the aircraft flight path- 

No significant tendency to PIO.  Maybe a 1.5 because you can over- 
control sometimes. 
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CONFIGURATION #2 

Pilot H (HQR 5) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Flight path of aircraft is controllable but seems to be sluggish. 
Requires a little bit of lead compensation both in the input and 
output to hold where you want it for a final steady-state value. On 
the turn to final I have to push considerably to keep the flight 
path marker tracking across where I want it, that is abnormal. 

Airspeed control is fine. 

Good coordination between axes. 

ATMOSPHERE 

Cross wind was good. Turbulence, I didn't notice any of great 
amount, it wasn't effecting the aircraft very much. Realistically, 
I thought the winds were good and turbulence was fine. 

OVERALL EVALUATION 

Pilot compensation required was moderate, due to lead in pitch axis, 
both required a slightly larger input to get it where you wanted it. 

It appeared that if I tried to force my touchdown scatter to be 
inside adequate or desired, then I could not get my sink rate under 
control. 

Adequate performance. 

No tendency to PIO. 
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CONFIGURATION #3 

Pilot H (HQR 4) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Aircraft response was good. Precision wasn't bad, I think I tended 
to see turbulence affect my flight path a little bit. It required a 
lot of small inputs to keep it where I wanted it. It had a tendency 
to drift off. I could predict both roll and pitch where I wanted to 
put it. 

Airspeed control was not very difficult. 

Coordination between axes seemed good, except for the final turn. 
No tendency to overcontrol. 

ATMOSPHERE 

Turbulence was annoying.  It tended to push the workload up in the 
pitch axis. Intensity seemed light to moderate, fairly real. 

Crosswlnd seemed light, no factor. 

OVERALL EVALUATION 

Moderate compensation. 

The only special piloting technique was getting a little low in 
glideslope which tends to give you better control of your rate of 
descent. Then you can squeek out the distance by changing pitch. 
The only problem is you get a little greater fluctuation on touch- 
down .one, I think she was controllable after a while, once I picked 
up the right glideslope and got a feel for the change In the pitch. 
At first It did seem a little squirrelly in the pitch. I could see 
a good change in attitude, but it wouldn't change my flight path 
vector' very quickly, in terms of abrupt change. I didn't see a one 
for one between 6 and Y, some lag Involved there which you would 
expect. But I could get desired performance. 

No PIO. 
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CONFIGURATION #3 

Pilot H (HQR 4) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Speed of response in pitch was sluggish, in terms of flight path it 
was really sluggish. The final steady state was somewhat unpredict- 
able. If I didn't watch the flight path marker and concentrated on 
the landing point on the runway, you could work with it. 

Airspeed control was no factor. 

I didn't see any bad control harmony at all. 

ATMOSPHERE 

I didn't really notice turbulence at all. 

The cross wind was very light. 

OVERALL EVALUATION 

Pilot compensation was moderate. The kind of compensation you need 
is to come in low and not rely on a quick change in flight path to 
get it on the ground. By the time you're used to what you see on 
short final, you can tell how an input changes the flight path 
marker. It takes about 2 or 3 seconds for the flight path marker to 
settle down on the spot that you want. If you get a little low on 
final, don't change yoor pitch very much, set your aim point just 
short of the landing spot, you should be able to obtain desirable 
performance and accept a sink rate of 6 or 7. 

Desired performance obtained. 

Roll was good. 

No PIO. 
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CONFIGURATION #4 

Pilot H (HQR 4) 

Very unpredictable flight path, you can put it there but it will wander 
on its own. I'm pushing over with considerable force at times, even on 
final. 

AIRCRAFT RESPONSE CHARACTERISTICS 

Initial response is not bad. Heading control is good and predict- 
able. Glideslope is somewhat unpredictable, I'll need to make small 
inputs about my final value in order to keep it there. 

Airspeed control was more difficult. 

The only coordination problem between axes was a little burbling of 
the flight path If I made quick pitch movements close into the run- 
way. I could see it bobble on me a little bit through the flight 
path marker.  It did not effect the task and my ability to place it. 

ATMOSPHERE 

I didn't notice any turbulence at all.  Crosswinds were fine, prob- 
ably a light intensity. 

OVERALL EVALUATION 

Compensation required was moderate to get desired performance. 
Again, there was a trade off between touchdown zone and sink rate. 
It was difficult to get both parameters down well below the desired 
tolerance, but you could get them in there. 

Once I set the flight path marker, it wanted to drop without any 
Inputs when I rolled out so I would have to compensate a little bit. 
When I would make an input, it would tend to drift in the initial 
direction of the input after it stops, which means I had to put some 
small inputs In to keep it there. 

Desired performance. 

No tendency to PIO. 
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CONFIGURATION #4 

Pilot H (HQR) 6) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Attitude response was good.  Flight path response was really poor, 
very sluggish. 

Very predictable. 

Roll was good, heading control was no problem. Speed of response in 
pitch was good, but the rate of change of flight path was poor. 

Airspeed control was harder. 

This configuration is very susceptible to develop sink rate when you 
drop power off. No disharmony between axes. 

ATMOSPHERE 

I really didn't notice any disturbance and the crosswinds weren't 
noticeable in flight. 

OVERALL EVALUATION 

Open loop control in pitch, you have to use your attitude as a way 
to control your flight path vector rather than using your flight 
path vector or staring at a point on the ground. 

To hit desired performance consistently you have to come in on a low 
short final and make a very small pitch change on final so that you 
would see the resultant change about flare time. 

Get power stabilized early and on speed because that does effect the 
sink rate considerably in this configuration. Changes on final are 
hard to make when you're in close. 

No PIO. 

Continuing to put In small Inputs to keep flight path marker where I 
want it. 
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CONFIGURATION #9 

Pilot H (HQR 2) 

AIRCRAFT RESPONSE CHARACTERISTICS 

I'd like a little more response In roll, but other than that, good 
controllability. No tendency to PIO. 

Initial speed of response is a little slow In roll, but as I said, 
very minor. Pitch very good, flight path precision is excellent. 
Predictability in both axes is very good. No tendency to overshoot. 

Airspeed control, no sweat. You can almost set the power and she 
stays right in there. 

Good coordination between axes. I didn't see any cross harmony 
problems. No tendency to overcontrol. 

ATMOSPHERE 

I picked up the atmosphere a little more, I don't know if that's 
because I had more time to concentrate on what it was doing to me, 
because she flew so much better. It wasn't annoying and seemed 
pretty good as far as an overall disturbance. The crosswind inten- 
sity did not seem nearly as severe, seemed much easier to control, 
perhaps it's because I had less concentration on the pitch axis. 

OVERALL EVALUATION 

Very minimal pilot compensation required. No special piloting tech- 
niques. Desired performance could be obtained, just slightly slug- 
gish on the roll in initial response. 
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CONFIGURATION #9 

Pilot C (HQR 6) 

All the responses are slow and sluggish. Very hard to predict your 
flight path or heading control because it's overshooting and out-of- 
sync. Responses a lot slower than I want to go, so I put an input in, 
wait, it's not enough so you put in some more, then it starts moving and 
you have an overshoot situation. Airspeed is easy to control. The 
longitudinal axis is slow and heading control is slower than I want. 
However, the lateral axis is quicker than the longitudinal axis. 

The crosswind makes it more difficult to make the final landing. As 
far as coming down the slope, it's no sweat. Once I get down and ready 
to land and try to align heading, I have a little bit of a problem with 
it, and it seems difficult for me to land on centerline and heading down 
the runway.  The crosswind was a bit more than annoying and distracting. 

Realism wise it's not really realistic, because it's not buffeting 
much and it's continuous, which you very seldom see. 

Overall, I had to use moderate compensation. I had to stay with the 
flight path marker all the time and couldn't get away from paying atten- 
tion to it. I had to play a little gamesmanship and get myself out-of- 
sync with the longitudinal axis to get it to stop where I wanted it to. 
Always going back and forth. Majority of the problem is with the longi- 
tudinal axis. 

CONFIGURATION #9 

Pilot B (HQR 3) 

A little bit sluggish in pitch. Heading control was predictable. 
Coordination between axes was no problem. The atmosphere was OK. Mini- 
mal compensation required. 
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CONFIGURATION #10 

Pilot H (HQR 4) 

Minor but annoying deficiency, it's probably in pitch. It appears 
there is a tendency for the nose to float off if I try to set it 
with the flight path marker. I guess it will require a little com- 
pensation In the opposite direction, kind of annoying. You can't 
really place the nose and leave it there. You can get desired per- 
formance, but it requires moderate Tilot compensation. 

I didn't see a lot of tight control on ray part. So I'd say right 
now there isn't any tendency for the pilot to produce an undesirable 
motion, so it would be a 1 on a PIO scale. 

AIRCRAFT RESPONSE CHARACTERISTICS 

I think the initial speed of response in both axes is good. Flight 
path precision is not as good. I think you can hold the heading 
well, it is predictable. I think the flight path is slightly unpre- 
dictable, as I mentioned before, a tendency to overshoot. 

Airspeed control wasn't a factor at all. It was good. 

As far as control harmony, coordination between axes wasn't too bad. 
It's kind of awkward having to push over in the turn. I guess I'm 
used to more of a pitch change due to power reduction than what I 
would see here. 

ATMOSPHERE 

The crosswind is at the annoying level. I would say that the turbu- 
lence isn't a factor at all. Intensity is light to less than light. 
The crosswlnds are realistic, it's an excellent task In that sense. 

OVERALL EVALUATION 

Pilot compensation is minimal to moderate, I would say moderate from 
the viewpoint of trying to rate a CHR 4. 

I used my flight path marker as a trend indicator, in other words 
when I got through with trying to position the aircraft visually I'd 
go back and try to see where it was tracking. It tended to float 
off.  If I concentrated on it, it would drag me off the task. 

Both desired and adequate performance was obtained. 
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CONFIGURATION #10 

Pilot H (HQR 5) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Initial speed of response was good in roll, maybe a little sluggish. 
Pretty good in pitch. Lags a little in flight path. Still sluggish 
in flight path control, somewhat predictable. 

No tendency to overshoot. 

Airspeed control was good. 

Coordination between axes was good* 

ATMOSPHERE 

I could feel the turbulence a little more on this one. Crosswinds 
were no factor. 

OVERALL EVALUATION 

You could affect it on short final a little more* The spot where 
you went open loop was a little closer in to the landing spot. 
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CONFIGURATION #10 

Pilot H (HQR 6) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Initial response seemed good in both axes, maybe a little sluggish 
in pitch. 

Flight path position and heading control was good.  It was predict- 
able. 

The flight marker was sluggish and somewhat unpredictable.  Diffi- 
cult to hold when I'm in close. 

Good coordination between axes. 

ATMOSPHERE 

I felt the turbulence a little.  Crosswind not a factor with the 
flight path marker. 

OVERALL EVALUATION 

Adequate performance requires extensive pilot compensation. 

Response was not good on short final, even if I tried to game it a 
little. 

Too much compensation required to really make it work. 

Unpredictable in flight path. 
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CONFIGURATION #10 

Pilot C (HQR 5) 

Initial pitch response is sluggish.  Flight path precision was dif- 
ficult. There was a slight tendency for a slow PIO. 

Airspeed control was normal. 

Heading control was good.  Very easy to roll out and correct to a 
heading. 

Coordination between axes was not good because there is better 
response in lateral than pitch. Coupling would be a problem. 

ATMOSPHERE 

Caused no problem. 

OVERALL EVALUATION 

Pilot compensation required was moderated for flight path» I was 
chasing it all the way down final. 

Performance was adequate. 
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CONFIGURATION #11 

Pilot H (HQR 6) 

Because the aircraft was so sensitive to gust, it makes It very 
hard. You have to be in the loop a lot to keep your flight path 
marker where you want it. But then when you get down to flare you 
are at the mercy of the gust. You almost have to go out of loop and 
accept a higher sink rate If you want to drop into adequate perform- 
ance. 

The aircraft seemed to respond OK in roll, maybe slightly slow. The 
pitch was pretty good. I guess in terms of flight path control It 
was slightly sluggish. Flight path precision was controllable, it 
was predictable, slight tendency to be sluggish. No tendency to 
overshoot unless you really tried to stay on top of it. 

Airspeed control was a little more difficult, required about twice 
as much throttle movement to keep myself within 2 Kts. 

Coordination between axes, no problem. It was good, no tendency to 
overcontrol. 

ATMOSPHERE 

Became annoying, almost distracting. In this case It appeared to 
have a greater Intensity, somewhere between light and moderate on 
the turbulence, I'd say light. It caused the task workload to go up 
considerably because the aircraft would be responding so much to the 
gust. Fairly real. 

OVERALL EVALUATION 

Considerable pilot compensation was required In pitch axis. 

I mentioned because you had the Initial response In pitch the flight 
path motion was maybe slightly sluggish. When you got in on short 
final you were at the mercy of the gusts, you had to set a sink rate 
and accept the fact that you would get adequate tolerance. If you 
got on the stick at all, you would be short or long. Outside that, 
I think you can get adequate performance although I didn't demon- 
strate that consistently. 

Slightly slugHlsh, but aircraft response to gust disturbances Is 
pretty bad, makes the task difficult cloee In, to set a proper 
flight path. 
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CONFIGURATION #12 

Pilot H (HQR 7) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Controllability not a question, there is no tendency for PIO. 

Roll is the same as before, good response, no tendency to overshoot. 

You definitely have a pitch rate system. Flight path lags consider- 
ably and there's a tendency you'll overshoot what you want. You try 
and compensate back, but you overshoot so great, and it lags so 
much, that by the time you are making an input it's just a guess as 
to where you are. My best guess is, you could learn to compensate 
this thing, perhaps. I sure wouldn't want to fly it. 

Airspeed control is about the same. Initially, I think because the 
AOA doesn't change much, the airspeed doesn't change much. They're 
tied together in terms of coordination. I wanted to say the air- 
speed was slow to respond, and it was slightly sluggish, but I think 
that was because we weren't changing the AOA very mich. 

Coordination between axes, that was fine. I didn't have any ten- 
dency to overcontrol in pitch as a result of my bank. Good harmony. 

ATMOSPHERE 

Seemed like I had a little less cross wind, maybe I was concentrat- 
ing a lot on my pitch so I didn't see that. Intensity was fine, 
realism overall was fine. 

OVERALL EVALUATION 

Definitely considerable. I don't know what kind of technique you 
would use because of the guess work Involved with pitch and flight 
path lag. 

Performance obtained was outside adequate. 
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CONFIGURATION #12 

Pilot H (HQR 5) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Response was good in both pitch and lateral, maybe a little slow. 

Flight path precision was poor and unpredictable. 

Followed pitch inputs a little better. 

Airspeed was better. 

Some real poor coordination in roll and pitch, I got a lot of pitch, 
out of roll. I don't think it was cross coupling in terms of 
Inputs. 

ATMOSPHERE 

I didn't feel much disturbance. Crosswinds seemed to be a little 
more of a factor, not too bad. Fairly real. 

OVERALL EVALUATION 

Have a low final, if you have to change your pitch at all in close, 
you're out of there. 

Pulse Inputs to try to get in there, but it was just tc^ sluggish to 
respond. 

Power didn't seem to have a great effect. I was trying to stay very 
close to 130 kts and not require many power changes. 

A pure lateral input has no effect on pitch. 
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CONFIGURATION #15 

Pilot H (HQR 6)  [Ignored Due to Stick Sensitivity; See Repeat Below] 

AIRCRAFT RESPONSE CHARACTERISTICS 

Abruptness of response In pitch. 

Airspeed control was definitely more difficult. 

(Smaller change In power, greater change in airspeed) 

Required quite a bit of compensation In pitch. The best thing to do 
was to leave It alone and once you got the flight path vector 
aligned to where the landing spot was, just let It come In. If you 
got In the loop on short final you got a tendency to PIO. 

A little lag between pitch attitude and flight path. 

CONFIGURATION #15 

Pilot H (HQR 2)  [Stick gain reduced by 2] 

AIRCRAFT RESPONSE CHARACTERISTICS 

This is a good aircraft. I think you can get desired performance 
every time. Just a few negligible deficiencies. 
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CONFIGÜRATON #17 

Pilot H (HQR 3) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Good initial response, almost too abrupt. It took a little getting 
used to. Very precise, you can see that it's almost deadbeat in 
pitch. Very predictable until you want to make that fine touch for 
the flare, you could overshoot it without the right touch. 

Airspef ■' control was good. Easy to do. 

Appeared to be good control between axes. I did notice on the roll 
in the flight path marker wants to go up and on roll out it wants to 
drop. 

ATMOSPHERE 

Turbulence was annoying, not really distracting very light inten- 
sity. Crosswinds noticeable but not distracting. They seemed real. 

OVERALL EVALUATION 

Minimal pilot compensation required for desired performance. Com- 
pensation is primarily in the type of gain reduction it takes to 
flare it, you have to give it a small tweek and let it drop in, this 
decreases you dispersion and increases your sink rate. 

Desired performance obtained. 

Fixed by decreasing Ay to roll gain. 
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CONFIGURATION #17 

Pilot C (HQR 4) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Pitch response is about normal.  Response In lateral axis feels 
normal also. 

Flight path precision is predictable.  There is a tendency to over- 
shoot because the pitch axis is more responsive to the stick. 

Heading control appears better than the last time, maybe due to 
better pitch control. 

Coordination between axes is pretty close compared to the orher 
ones. 

ATMOSPHERE 

Crosswind was easily counteracted. 

OVERALL EVALUATION 

Minimal to moderate pilot compensation required mostly to just hit 
the spot. 

Desired performance obtained. 

PIO rating between a 3 and 4. 

CONFIGURATION #17 

Pilot B (HQR 4) 

Pitch was sluggish - roll OK. Overcontrol in pitch. Heading con- 
trol no problem. Airspeed control good. Atmoshpere was no factor. 
Moderate compensation required. 
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CONFIGURATION #18 

Pilot H (HQR 1) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Good response. Good predictability in both roll and pitch, I didn't 
see any tendency to overshoot. Airspeed was easily controllable. 
Good coordination between axes. 

ATMOSPHERE 

Atmosphere was annoying but light intensity, fairly real. Crosswind 
seems a little light. 

OVERALL EVALUATION 

No real pilot compensation required. No special technique. Desired 
performance was obtained. Slightly susceptible to gust in terms of 
aircraft lift, but I didn't see the flight path marker dancing very 
much.  Good aircraft, nice and stable. 
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CONFIGURATION #18 

Pilot C (HQR 2) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Initial response In pitch axis, pitch rate are good. Flight path 
precision Is easy. Good pitch configuration. 

Heading control noticeably a problem. Heading tended to overshoot. 
Every time I rolled Into or out of a turn, my heading started to 
wander. Considerable use of rudders and banking required. 

Airspeed control was ok. 

More control required In the lateral axis than the pitch. 

ATMOSHPHERE 

Atmosphere was more of a problem, because the crosswlnd affects 
lateral control the most. 

OVERALL EVALUATION 

Moderate amount of pilot condensation required to point the aircraft 
where I wanted It. 

More rudder required. 

Desired performance obtained. 

No tendency PIO. If it was gusty, I could have had PIO problems 
because then I would have coupled up in the pitch. 

Considering longitudinal axis only, I would rate this a CHR 2. 

Used CHR 2 since we only care about longitudinal axis. 

1A7 



CONFIGURATION #18 

Pilot C (HQR 5) 

Once again, the flight path to attitude responses were sluggish. I 
tended to overcontrol, but not quite as bad as the first time (Configu- 
ration 9). There was a tendency to overshoot. Airspeed control was 
easy. Coordination between axes was about the same as before in that 
the lateral/directional was a bit slower than I would like but faster 
than pitch. 

The crosswind was more than annoying, in that it complicated the 
task in the final portion to get lined up and land on the center stripe. 
Coming down final, I'm spending most of my time getting the flight path 
marker to stay somewhere on the runway. When I get ready to land I put 
the flight path marker halfway down the runway and then I spend almost 
ninety percent of my time trying to make a smooth landing while, at the 
same time, trying to stay on the center stripe. That is a major task 
right at the end. This is not very realistic because I don't have any 
visual cues out the periphery. 

Overall, moderate pilot compensation required just to land the air- 
plane, which should not be a factor. The F-15 is the easiest flying 
airplane in the world and it shouldn't take this much work. No special 
piloting techniques required other than paying more attention than 
normal to the landing phase. 
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Visual Cue Rating Scale Comments; 

How bad are the visual cues In the HUD you ask? They are so bad 
that when 1 get down to the last hundred feet of the landing phase, I'm 
watching the altimeter on the HUD to tell where I'm going to be twenty 
three feet above the ground (altitude at touchdown—terrain board 
limit). There is very little visual sensation from the display until 
the last second before you smite the earth. The digital reading on the 
HUD is the only thing I have to go by. I'd rather have some kind of 
analog bar to hit a spot (on the bar) rather than a number. Numbers are 
real hard for me. It takes an extra bit of brain power to figure out 
what a number means, whereas with an analog bar, I know when the bar 
hits a certain spot, it's going to be ay wheels touching the ground. So 
I'd rate the visual cues for both the HUD and the simulator visual for 
sink rate as poor.  I'll give you a four. 

Almost ninety nine percent of ray attitude cue comes from the HUD and 
its relation to the visual display, so there is a kind of an Interaction 
between the two. It's so hard to chase the flight path marker all the 
time that I'm not ever paying much attention to aircraft attitude. I'm 
sure the waterline is just going up and down all the time. I do not fly 
attitude on the landing phase when I have a flight path marker, at least 
I don't consciously do it. So, I can't give you a rating on the visual 
cues in the HUD and the simulator for attitude because I haven't been 
paying attention to it. 

Now, if we're talking about flight path, I'm going strictly by the 
HDD's positioning of the flight path marker on the visual display. The 
visual display when I need it the most - in the last fifty feet of land- 
ing - is worthless. 
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CONFIGURATION #18 (repeated) 

Pilot C (HQR 6) 

No comments on the lateral/directioal axes. The longitudinal axis 
was sluggish and out-of-sync. This was just like the first two (Config- 
urations 9 and 18). Flight path control was difficult because you over- 
shoot and because there was almost a second delay between the time I 
made an input to the time I saw something out of the airplane. Airspeed 
control - no comments. 

The crosswind was the same as before, it only complicated the very 
end. 

Moderate pilot compensation. I was spending all of my time worrying 
about the glldeslope and nothing else. 

CONFIGURATION #18 

Pilot B (HQR 3) 

Somewhat sluggish In pitch. Flight path predictable. Good airspeed 
control. Coordination between axes is OK. Atmosphere OK. Minimal 
pilot compensation required. 

150 



CONFIGURATION #19 

Pilot H (HQR 3) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Response was good, I didn't see any real sluggishness. 

Precision was good on both heading control and predictability. Good 
predictability on the flight path. 

Airspeed control was good. 

Good coordination between axes. It did have a tendency when I 
rolled out on final the flight path marker would drop, even though 
the pitch of the aircraft didn't. 

ATMOSPHERE 

I really didn't feel much turbulence, an occasional bump, very low 
frequency. Semi realistic, and had no effect on task performance. 

OVERALL EVALUATION 

Minimal pilot compensation 

Shifting of aim point, I wouldn't say Is a special piloting tech- 
nique. There was a tendency because a lack of peripheral to shift 
my aim point out just prior to touchdown, which would give me the 
right kind of pitch up. 

Desired performance obtained. 
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CONFIGURATION #20 

Pilot H (HQR 5) 

AIRCRAFT RESPONSE CHARACTERISTICS 

Requires you go open-loop in the flare. 

Speed of response is not bad, I think here we're seeing a much 
quicker change in flight path for a smaller change in pitch. I'm 
either overshooting it or undershooting it, if I wait a little bit 
too long. 

Airspeed control seemed slightly sluggish. 

Flight path did seem predictable, it required inputs to keep it 
where I wanted it. 

Good coordination between axes. 

ATMOSPHERE 

Turbulence was annoying.  Intensity was light, fairly realistic. 

OVERALL EVALUATION 

Considerable pilot condensation. Because it was near open-loop. 
You almost could set an attitude and let it come in. If I went 
total open-loop I would end up hitting short. If I tried a normal 
flare I would float down the runway. 

Adequate performance obtained. 
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CONFIGURATION #21 

Pilot L (HQR 5) 

AIRCRAFT RESPONSE CHARACTERISTICS 

It's not as quick as the last one, I wasn't overshooting. 

Pitch is slower than last one. 

Flight path precision was better. Easier to stay on glidepath until 
I got in real close. 

Airspeed control is fine. 

Coordination between axes is still good. 

ATMOSPHERE 

Compensating for crosswind that dies away. 

Intensity is fine. 

OVERALL EVALUATION 

I really have to compensate a lot to get it in the desired param- 
eters. 

Once you get in close enough to see where you're going to touch down 
it's to late to be putting in any more corrections. It's hard to 
tell when to flare. 

Damping was better longitudinally. You could put it somewhere and 
it would stay there but, it wasn't quick to move there. 

No PIO. 
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CONFIGURATION #22 

Pilot L (HQR 5) 

AIRCRAFT RESPONSE CHARACTERISTICS 

You need a quick change In your glidepath short in, to get above or 
below. 

Initial speed of response is sluggish, maybe it's just a time delay 
in there. 

I kept overshooting.  Once you get in tight I was going above and 
below glideslope. 

Airspeed control was ok. 

Coordination between axes is good. 

ATMOSPHERE 

Intensity is somewhat real, except I don't think crosswind should go 
away. 

OVERALL EVALUATION 

I really have to work hard.  Because of the crosswind change you 
have to keep correcting to get on centerline. 

Half the problem is being able to see where you are going to hit. 
In close, the localizer is too sensitive to use. 

It's a trade off between hitting the point or landing hard if you're 
a little high. If you are low you can compensate for that. 

I could do better if simulator visual was more realistic. 
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CONFIGURATION #23 

Pilot L (HQR 4) 

AIRCRAFT RESPONSE CHARACTERISTICS 

I was working hard to compensate» 

I would like the rate of response to be a little quicker, I've done 
this so many times I don't overshoot very bad, but I continue to 
overshoot« I have to put in a correction and just hold it to see 
what it's going to do.  It's somewhat unpredictable. 

Airspeed control is good. Airspeed changes as I would like. 

Coordination between axes is good, pitch and roll where fine. 

ATMOSPHERE 

I've been compensating for a crosswind. I don't know if it's real- 
istic having a straight ramp on the crosswind. Usually from three 
hundred feet down your crosswind doesn't go away. 

OVERALL EVALUATION 

Desired performance obtained. 

When you try to keep the flight path marker with the glideslope, 
it's very hard to do. You can push a little bit and it takes a 
little while for the flight path to go down, you're shooting through 
your glldepath. If it was just a little quicker, I could catch the 
glideslope better. 

If I worked at it I could get it to PIO. 
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Configuration #1AC 

Pilot B (HQR 2) 

Speed of response was very good. Flight path precision - predict- 
able* Airspeed control and coordination between axes were good. Mini- 
mal compensation required. 

CONFIGURATION #2AC 

Pilot B (HQR 3) 

Initial speed of response was sluggish in pitch, slowed ray Inputs 
down to compensate. Heading control predictable. Airspeed control was 
OK. Minimal pilot compensation required. Desired performance obtained 
more frequently. 

CONFIGURATION #9AC 

PlloL C (HQR 3) 

The speed of the responses is a lot more real time and close to what 
I want, not abrupt and not sluggish. Maybe a little slower than I'd 
like, but almost right. It's pretty easy to hold flight path now with 
minimum work on my part. There is a little bit of overshoot and PIO 
tendency. Airspeed control is good. Coordination between axes seems 
almost just right. 

The atmosphere as not even annoying or distracting. Very easy to 
compensate for. 

There was minimal pilot compensation required. No special piloting 
techniques. 
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Visual Cue Rating Scale Comments; 

Comments now that would apply to the visual cues, also. The task 
here (Configuration 9AC) was so much easier than the first two, that I 
had time to check out visual cues. I realized that before 1 was so busy 
trying to keep the flight path marker en the runway that I had no time 
to look at my peripheral visual cues. Ibis time I had plenty of time to 
do that. The only correction I had to make w is right at the end to land 
on the stripe and to compensate for the crosswind. 

I still need to go to the HUD for altitude before touchdown because 
I don't get a ground rush or peripheral cues. Some of the other cues 
are a little better if you have the time to pay attention to them. Once 
again, the big cue that you need right at the last fifty to one hundred 
feet before touchdown is not there, and that Is a wider field of view 
for your ground rush and sinking sensation. Sink rate I still rate 
poor, with a four, because I can't tell I'm sinking with any kind of cue 
out there until I've sunk a long way. 

As far as attitude goes, the only cue I use the visual display for 
is where to put the flight path marker on the runway to try to gamesman- 
ship the touchdown point. Once again, I don't consciously use attitude 
in the landing phase. I'm generally an angle-of-attack guy - the F-4 
and A-/ are angle-of-attack airplanes. The F-16 is a little bit more of 
an attitude type landing, but you need the periphery to get that. As 
far as attitude goes, the visual is poor, a four or a five. The HUD, 
when it gets down to the landing phase, needs to have a more graduated 
pitch ladder. I only have a zero and five-degree marks, and the differ- 
ence of a couple degrees could mean a tail-pipe drag on an F-15 or F- 
16, so I'd rate the HUD as fair. 

CONFIGURATION #9AC 

Pilot B (HQR 2) 

Hard to get lined up due to crosswind. Minimal to moderate compen- 
sation required. Good response in both pitch and roll. Flight path and 
heading recision - OK. Airspeed control and coordination between axes 
is OK. 

mmmnmemmmvsMumimmMmmi'K'&i'iBiiatv*!- 
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CONFIGURATION #10AC 

Pilot C (HQR 4) 

Pitch response was sluggish. Flight path precision was predictable 
but there was a little tendency to overshoot, and that was the undesir- 
able part. This time I was able to evaluate flight path changes with 
the throttles in that I pulled back on the throttles and started dropp- 
ing low, which the simulator did almost like a real airplane. No change 
in coordination between axes. 

The crosswind, again, complicated the final portion of the landing, 
but no other problems. 

Minimum to moderate pilot condensation was required Just to stop ay 
overshoots and PIO's in the pitch axis. Again, this one was like the 
last one (Configuration 18AC) in that if I stop making inputs and let 
the stick go to the original trim position, I could just make small 
inputs and get where I wanted with Just small overshoots. That would be 
the special piloting technique required. 

CONFIGURATION #10AC 

Pilot B (HQR 3) 

Sluggish response in pitch, PIO when I was abrupt. Airspeed and 
heading control were good. Moderate compensation required. Requried 
smoother inputs. 

CONFIGURATION #17AC 

Pilot B (HQR 3) 

Adjustment In pitch - overcontrolled. Initial speed of response and 
precision - OK. Coordination and airspeed control - OK. No special 
piloting techniques required. 
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CONFIGURATION #18AC 

Pilot C (HQR 4) 

The initial speed of response in the pitch axis was sluggish. Not 
as bad as the first two (Configuration 9 and 18), not as good as the 
third (Configuration 9AC), however, sluggish from desired. Flight path 
precision was hard because of a tendency to lag. When you initially 
pull the stick back, the flight path marker would go in the opposite 
direction and I would get out-of-sync with it. The harder I would work 
at it, the more PIO's I'd get into. If I'd let loose of the stick and 
stop near where I'd want it, and then make very small changes, it would 
hold real well. Coordination between axes was the same as before in 
that the lateral/directional doesn't bother me very much, and the pitch 
is a little slower. 

The atmosphere only complicated the final lining up on the stripe 
and wasn't any trouble other than that. 

Moderate compensation was required until I figured out that if you 
fly it like a 135, and don't do something, it will probably be alright 
by itself. Don't fix it if it's not broken type philosophy. Special 
piloting technique would be the realization that I'm out-of-sync with 
the flight path and/or ray perception of pitch attitude in the landing 
phase and had to tone down my inputs. 

CONFIGURATION #18AC 

Pilot B (HQR 3) 

Pitch was a little sluggish. The crosswind was difficult right at 
touchdown. Combination of the two sometimes caused me to be outside 
performance. Everything else - OK. 

CONFIGURATION #20AC 

Pilot B (HQR 3) 

Initial speed of response sluggish.  Roll was excellent.  Minimal 
pilot compensation required. Everything else was good. 
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APPENDIX B 

DOODMENTATIOH OF HANDLING 0^*TITIES 0DNFI6DRATI0NS 

A. INTHWOCTICm 

This appendix documents the dynamic characteristics of the longitu- 

dinal and lateral-directional configurations discussed in Section V. 

These configurations provided guidance to the U.S. Air Force for the 

LAMARS simulation reported in Appendix A, and allowed an analytical 

investigation of various handling qualities parameters. Documentation 

is in the form of transfer functions, handling qualities parameters 

(generated by the computer program described in Reference 26), and time 

histories. 

The aircraft model represents a modern jet fighter (Class IV) design 

in landing configuration (flaps and gear down) at 130 lets. The aircraft 

is trimmed on a glideslope angle (Y-) of 3 deg, and o ■ 8.79 deg. Con- 

trol is provided by conventional elevator, ailerons, and rudder. 

B. LONGITUDINAL CONFIGURATIONS 

A total of forty-seven configurations were developed, with varia- 

tions in response-type, pitch attitude and flight path bandwidths, long- 

term flight path stability, time delays, and pitch rate overshoot. In 

addition, several configurations are intended to be evaluated with vary- 

ing engine lags in order to investigate the tradeoffs between flight 

path stability and engine response time. 

Table B-l lists the transfer functions for the 47 configurations; 

Table B-2 lists the values of the key handling qualities parameters dis- 

cussed in this report, generated by the Reference 26 computer program, 

and briefly describes the variations in the configurations. A time 

delay of 0.0125 sec (approximating computational delays) was assumed for 

all of the configurations. 
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TAB'JE B-2. HANDLING QUALITIES PARAMETERS FOR 
LONGITUDINAL CONFIGURATIONS 

COUP. 

ELEVATOR RESPONSES , 1 \ AY, ■ax 1 
(rad/aac) Ä V61 

or 
qp/q. 

(rad/aac) (ae?) 

B2 eff 
(rad/sec) 

tre¥ 
(aec) 

dY/dV 
(deg/kt) 

A«,. 

(-) 
DESCRIPTIOH 

AIL l.S o.ou 1.0-1.1 0.62 0.44 0.44 • -0.031 0.54 ACAH — Vary     LM Fllfht 
A». 3.0 0.85 0.25 1 1 1 Flech BU            Path Lag 
ML 6.0 1.67 0.13 ( 
AIM 1.5 0.73 0.36 0.69 -0.050 0.77 |   Hadlia 
ASM 3.0 1.03 0.23 1 
AM 6.0 1.94 0.12 1 1 
AIOH 10.0 2.28 0.072 I t I T 
A1H l.S 0.79 0.33 0.86 -0.082 0.80 High 
AW 3.0 1.12 0.21 1 

0.69 
1 

-0.050 
1 

0.77 
1 AM 

A1D1 
6.0 
1.3 

2.07 
0.72 

0.12 
0.45 

• 
0.088 ACAH — Vary Tiae 

A1D2 1.3 0.128 0.72 0.51 i Delay, Fitch BU 6 Plight 
Al 03 1.2 0.170 0.72 0.56 Path UK 
A301 2.4 0.092 1.03 0.30 0.76 
A3D2 2.3 0.139 1.03 0.35 

\ A3D3 2.2 0.190 1.03 0.39 
A601 S.l 0.054 1.97 0.16 0.73 
A«D2 4.8 0.108 2.02 0.21 i A6D3 4.6 0.170 2.08 0.31 
A10D1 8.3 0.060 2.31 0.10 0.75 
Al 002 8.1 0.097 2.34 0.12 1 

0.77 
Al 003 
A6KI1 

8.1 
6.0 

0.121 
0.011 

2.36 
1.94 

0.14 
0.12 

I                           1 

Variation! la dY/dV. 
A6OT2 
AMT3 1 { Engine Laga: 

A6HG1 1.93 24.9 0.067 0.62 T_ • 1 sac (Tl) 
2 aae (12) AMC1T1 1 1 

A6MC1T2 1 1 3 aec (T3) 
A6HC1T3 t I 
A6NC2 18.3 0.140 0.50 
A6MC2T1 1 
A6MG2T2 1 
A6MC2T3 I 
A6HG3 14.9 0.244 V 
A6HG3T1 
A6HC3T2 
A6MG3T3 1 r 
A6LG3 0.010 1.64 0.13 0.43 12.0 0.240 0.33 
A6HG3 1 

0.015 

2.22 0.091 0.84 14.0 0.239 a 
A6HG4 
ML 

2.10 
0.38 

0.10 
0.33 

0.77 
0.44 

.5.0 
m 

1.00 
-0.030 

* 
0.54 2.0 RCAH — Vary Low Flight 

R4L 4.0 0.010 0.42 0.16 -0.031 1 Pitch BU Path Lag 
R51 S.O i 0.40 0.13 1 I 

| R8L 8.0 0.40 0.092 f t 
R2H 2.0 0.015 0.55 0.28 0.69 -0.051 0.84 Madlia 
R4H 4.0 0.010 0.65 0.16 0.73 
R5N S.O f 0.61 0.13 i 
R8H 8.0 0.63 0.082 0.75 
R2H 2.0 . 0.015 0.63 0.29 0.86 -0.081 0.80 High 
RAH 4.0 0.010 0.78 0.15 | 0.77 

1 R5H 5.0 0.73 0.12 0.80 
R8H 
R05L 

8.0 
5.0 

i 

2.15 
0.77 
0.74 

0.078 
0.15 

T 
0.44 

0.82 
0.56 -0.03* RCAH — Vary Ovarahooc 

R08L 8.0 1.98 0.66 0.088 t ♦ 0.57 at Two Valuaa of ujyj 
R05M 5.0 2.12 1.26 0.14 0.69 -0.051 0.82 
R08M 
R501 

8.0 
4.6 

1.98 
1.1 

1.27 
0.61 

0.085 
0.13 

0.79 
0.73 0.057 «CAB — Vary Tina 

R5D2 4.5 0.120 t 0.61 0.13 0.72 Delay 
R5D3 4.8 0.185 0.61 0.12 I i 0.73 

4«. Due to Uastable Root 
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A mnemonic system was devised for the longitudinal configurations to 

aid in identification. Following is a description of this Identifier: 

SYMBOL VARIABLE VALUE OR DEFINITION 

A 
R 

RO 

response-type ACAH 
RCAH (Low Pitch Rate Overshoot) 
RCAH (High Pitch Rate Overshoot) 

1,2,3,4,  etc. Pitch 
Attitude 

Bandwidth, 

""BWe 

1 
2 
3 
4 
5 
6 
8 

10 

■ 1.5 rad/sec 
■ 2 rad/sec 
■ 3 rad/sec 
- 4 rad/sec 
• 5 rad/sec 
» 6 rad/sec 
- 8 rad/sec 
• 10 rad/sec 

L,  M,  H Flight Path 
Lag, 

(1/T92U 

L 
M 
H 

- Low, 0.43 rad/sec 
- Medium, 0.69 rad/sec 
- High,  0.86 rad/sec 

D Added Pure 
Time Delay 

Dl 
D2 
D3 

- 0.05 or 0.1 sec 
- 0.08, 0.1, or 0.15 sec 
- 0.15 or 0.2 sec 

G dY/dV 
Variations 

Gl 
G2 
G3 
G4 

— 0.067 deg/kt 
— 0.140 deg/kt 
— 0.240 deg/kt 
— 1.00 deg/kt 

Figure B-l shows step responses of pitch attitude (for ACAH) or 

pitch rate (for RCAH) for the basic configurations — i.e., no added 

time delay, and dY/dV < 0. These responses are common to all configura- 

tions with the same pitch attitude bandwidth, regardless of flight path 

bandwidth; for example, the time history of 6/6 for (DJJWQ " 6 rad/sec 

represents Configurations A6L, A6M, and A6H. Figure B-2 shows the step 

response of angle-of-attack for the nominal configurations; In this 

case, however, the magnitude of the response varies with flight path 

bandwidth,  so the  time   histories of  Figure   B-2  are  for 

(l/Te»)   - 0.69 rad/sec. 
*■  eff 
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Figure B-l. Time Responses for Basic Configurations 
(Nominal Time Delay; Step Control Input; 

Numbers Refer to Pitch Attitude Bandwidth) 
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C. lATBRAL-DIRECTIOMAL CASES 

The eighty-eight lateral-directional variation cases discussed in 

Section V were developed to explore the generic characteristicstica of 

various lateral-directional handling qualities criteria. No time delays 

were used in these cases. Table B-3 lists the pertinent lateral sfick 

and rudder pedal transfer functions, and Table B-4 contains values for 

the major handling qualities parameters, generated by the Reference 26 

program. Table B-4 also documents the key response variations for the 

cases. 
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TABLE B-4. HANDLING QUALITIES PARAMETERS 
FOR LATERAL-DIRECTIONAL CASES 

MM «0. 
t,-30» 

(MC) 
U<f la 

1   MC/lk) I «A, 
Mc«) «1 KI-14 w 

♦l l«4W) 
■i. scscunnNi 

1 1.1$ 1.23 2.72 3t.4 0.092 0.24« 0.097 0.176 -•7 146 o.«t -0.06 «arUttoM f« Oaten «all 
2 1.14 1.23 4.34 40.0 0.14* 0.623 0.005 0.«3$ -7* ISO -0.2« Daaalm mmt VraMaa» 
3 1.13 l.U 4.22 31.« 0.130 0.34« 1.24 0.643 -125 142 2.56 
4 1.14 1.24 1.9* 4t.« 0.0«2 0.160 0.0«7 0.171 -«7 137 -0.20 
i 1 1.9« 4«.« 0.074 0.14« 0.060 0.11» -»4 11* 0.37 
t j 2.07 50.3 0.072 ♦ 0.022 0.046 -«« 140 1.3« 
7 I < 43.7 t 0.14« 0 0 -65 134 2. M 
» 1.23 1.2« 39.5 0.050 0.064 0.043 0.0«! -«• 12* 0 
9 1.24 1.32 40.9 t 0.066 0.024 0.046 -«7 131 O.t* 

10 ( 1.21 43.7 0.04» 0.062 0.014 0.015 -«* 134 2.10 
11 1.13 1.23 0.M 21.9 0.034 0.023 0.012 0.024 -65 11* 0.32 
12 1 ♦ 0.73 29.4 0.033 0.024 0.071 0.014 ♦ « 1.2« 
13 0.7S 29.0 0.031 0.025 0 0 -7» It* 3.1« 
U 1.1« l.l> 4.11 -133 0.131 0.53* 1.2« 0.64 -2*» 317 ♦ 
IJ | 1.19 2.14 -152 0.077 0.165 0 0 -2*5 2*« 1.0* 
It 1.20 1.17 l.St 9.7 0.061 0.095 0 0 ♦ 100 1.33 
17 0.M 1.49 4.37 26.4 0.03« 0.164 0 0 -6« 117 1.55 farlatloiM la «all IMa 
18 O.M KM 4.0« 33.6 0.032 0.212 0.02« 0.057 -7« 124 1.3* Tiaa Cautaat 

■ It 1.04 1.40 3.34 44.9 0.072 0.23« 0.061 0.117 -«7 137 1.01 1 20 1.41 0.9« 1.92 66.9 0.12» 0.247 0.13« 0.233 •«7 160 o.to 
21 3.13 1.12 2.71 56.4 1.43 3.«« 2. »3 2.»4 -7.0 146 -1.0 -1.0 Tarlaclana la Itera 
22 1.24 UM 2.71 36.4 0.466 1.26 0.375 0.671 1 -0.30 Caordlaatlaa Charactarlatlra 
2) 1.17 1.20 2.70 54.) 0.074 0.200 0 0 -0.10 — Neataal \tlt\t 
2* 1.13 1.23 2.70 56.4 0.120 0.323 0.12« 0.240 -1«7 0.12 i 

23 1.07 1.2S 2.71 0.324 0.«7» 0.572 0.656 
\ 

0.60 
2« 1.01 1.43 2.71 0.4«« 1.32 1.7« 0.995 2.00 
27 — 1.31 2.70 0.914 2.66 -1.60 3.34 -74 0 -0.50 
2« 1.20 1.27 2.70 0.613 1.66 -».«6 2.03 -74 -0.30 
2« Lit 1.23 2.73 0.1 «4 0.503 0.340 0.367 -«0 -0.10 
30 1.14 1.21 2.71 0.07« 0.212 0.067 0.166 -254 0.07 
31 1.13 1.20 2.70 0.107 0.21» 0.12« 0.227 1 0.12 
32 1.12 1.17 2.71 0.13» 0.431 0.21» 0.341 i 0.30 
33 Mt 1.39 2.71 1.07 2.«« -1.0» 4.61 -«7 1.0 -0.40 
3* I.It 1.29 2.71 0.56« 1.54 -2.6» 2.37 -«7 -0.20 
35 1.13 1.23 2.74 0.296 0.«10 1.37 1.17 -*4 -0.10 
36 1.14 1.20 2.71 0.072 0.1»6 0.096 J.I63 -267 0.03 
37 1.14 1.19 2.70 0.017 0.235 0.122 O.220 1 -0.07 
3« 1.13 l.lt 2.70 0.111 0.300 0.171 0.264 0.12 1 

3) 1.13 1.23 0.921 56.2 0.113 0.104 0 0 0 (0.1«) -0.00) «i<3   Varlatlaaa — la« 
to 1.21 1.13 0.375 0.346 0 0 0 (0.«0) 
41 1.07 1.33 0.256 0.236 0.07« 0.126 -174 (-0.3*) 
«2 1.01 1.41 0.663 0.611 0.371 0.365 -174 (-1.13) 
2IA 1.47 1.00 1.«« 1.73 0.43 1.07 •10 -0.»* -0.»5 Tan Caordlaatlaa 
22* 1.17 1.20 0.253 0.233 0.053 0.103 1 -0.** •0.30 Varlatlaaa — Law U/lL 
23» 1.11 1.21 0.0«3 0.076 0 0 -0.*7 -0.10 
It* 1.07 1.34 0.124 0.114 0 0 -116 -1.0 0.12 
2M 1.02 1.4t 0.461 0.427 0.1»! 0.310 1 1 0.62 
3M 0.91 Ml 0.931 0.177 0.615 0.644 2.23 
27* 1.]« 1.1)7 l.U 1.U4 1.41 I.2U -7« 0 -0.4» 
2M 1.22 1.17 0.590 0.544 0.377 0.590 1 0 -0.30 
2M 1.13 1.23 0.156 0.144 0.070 0.145 0.01 -0.10 
30* 1.0« 1.33 0.065 0.07« 0 0 -256 0.01 0.07 
31* 1.07 1.33 0.129 0.11» 0.04» 0.0*6 1 -0.01 0.12 
32* 1.03 1.43 0.219 0.220 0.0»4 0.170 0 0.30 
33* 1.37 l.Ot 1.44 1.32 -3.2» l.»4 -*2 0.*5 -0.1» 
3M 1.22 1.14 0.62« 0.510 0.646 0.770 1 0.*2 -0.20 
33* 1.13 1.22 0.272 0.250 0.170 0.311 o.«t -0.10 
3M 1.01 1.33 0.0«2 0.075 0 0 -270 -0.13 0.05 
17» 1.01 1.34 0.105 0.097 0.04« 0.0*4 1 0.04 0.07 
31* 1.04 1.37 0.153 0.141 0.070 0.132 1.24 0.12 
211 4.31 0.03 4,07 53.4 4.34 17.7 62.0 11.7 -5 143 -O.M -0.»5 TW* CMrdlaatlaa »artatloaa 
221 1.41 1.0« 0.544 2.2« 0.633 1.61 1 -0.»4 -0.30 - Ufk I«/»}, 
23i 1.27 1.04 0.064 0.260 0.073 0.143 -0.62 -0.10 
2tS 1.09 1.21 0.113 0.459 0.1 »4 0.131 •16« -1.12 0.12 
2)1 0.79 2.31 0.267 1.09 0.94« 0.122 -l«2 -1.02 0.62 
2M 0.43 3.97 0.363 1.4« 3.36 1.13 -l«2 -1.01 2.23 
271 — 0.42 2.11 «.6 -1.03 11.1 -71 0.03 -0.4» 
Ml 11.9 0.74 1.04 4.3 -1.4» 5.60 -71 0.05 -0.30 
2« 1.23 l.U 0.233 0.94« 0.»12 1.17 -77 0.13 -0.10 
}0t 0.13 1.17 0.070 0.216 0.121 0.210 -247 -0.21 0.07 
311 1.04 1.31 0.091 0.372 0.173 0.276 1 -0.12 •0.12 
32» 0.17 1.9« 0.117 0.476 0.264 0.363 -0.05 0.30 
33« — 0.24 2.74 11.2 -0.17« 1«.5 -*0 0.»» -0.3» 
3*1 27.0 0.99 0.11« 3.62 -1.20 5.93 1 0.»« •0.20 
3» 10.0 0.94 0.421 1.71 -4.47 2.72 0.»« -0.10 
]M 0.97 l.l» 0.041 0.231 0.133 0.227 ** •0.25 0.03 
371 1.11 1.02 0.072 0.2t3 0.16« 0.267 -166 -0.05 0.07 
111 0.77 2.14 0.014 0.341 0.227 0.329 *9 l.U 0.12 ' 
43 0.94 1.40 4.0t 33.4 0.052 0.211 0.02« 0.037 -7» 146 1.3» •0.06 Li   TarUcient 
44 1.91 0.4] 0.142 0.65» 0.421 0.393 0.53 

■• 

»3 3.00 0.32 0.204 0.610 0.«l« 0.646 0.44 
44 ).M 0.32 0.207 0.147 0.173 0.671 0.44 
47 3.0 0.49 0.221 0.900 1.0» 0.951 0.41 
41 1.00 1.30 1.92 46.9 0.013 0.164 0.06» 0.127 -»4 0.*3 
4« 2.01 0.71 O.I«0 0.345 0.242 0.370 -«7 0.41 
30 3.02 0.34 0.224 0.434 0.362 0.495 -v 0.14 
31 4.0 0.50 0.25« 0.495 0.465 0.563 T 0.10 
32 3.0 0.44 0.293 0.561 0.603 0.67* i 0.27 ' 
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